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INSTRUMENTS, PHYSICS, AND PHYSICISTS 


A good measuring instrument is essentially a con- 
veniently arranged physics experiment that can be 


repeated at will within specified accuracy limits 


By G. F. GARDNER 


General Engineering and Consulting Laboratory 


General Electric Company 


HE tools most commonly associated with the en- 

gineering profession are variously represented as 
slide rules, T-squares, test tubes, gears, and similar 
devices, depending on the illustrator’s imagination and 
the branch of engineering he wishes to represent. Hav- 
ing long been prejudiced in such matters, it has been 
my contention that none of these represents the class 
of tool used most universally by all engineers; namely, 
measuring instruments. With their help the user finds 
out things which enable him to purchase safely, design 
wisely, manufacture economically, and sell profitably. 


As engineering grows more complex, it has been the 
common habit to associate measuring instruments 
with companies or groups specializing in design and 
manufacture. This is as it should be and the last few 
years have seen some marvelous advances in instru- 
ments which are accurate, sturdy, convenient to use, 
and capable of volume manufacture with all its attend- 
ant benefits. Before accepting this view and leaving 
all the instrument responsibilities to the instrument 
manufacturers with their well-arranged catalogs, let’s 
think a little more about what a measuring instrument 
really is and why it acts the way it does. 


EARLY PHYSICISTS SUPPLIED THE FUNDAMENTALS 


I always like to think of a measuring instrument as a 

conveniently arranged physics experiment. If the ex- 
periment can be repeated within specified accuracy 
limits, the performance of the instrument is good. If 
the physics has been slighted in some respect, the per- 
formance is bad and we must get busy and put some 
more physics into it. It makes no difference whether 
it is the chemist’s balance, the surveyor’s transit, or 
the fuel gage on an airplane; if basic physical principles 
have been neglected, the performance is going to 
suffer. 
Some of my friends say my definition is no good. 
Here they say is an instrument made in a physics 
laboratory and exceptionally sound as far as physical 
principles go but it is cumbersome to carry, awkward 
in its arrangement of parts, and practically impossible 
to repair or service. In other words, the emphasis is 
on the physics and not on the convenience. 


I am not writing here pleading for the feelings of 
anyone who may have been unlucky enough to devise 
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a most useful and inconvenient measuring instrument. 
Rather, I think it might be fruitful to inquire what 
caused the physicist to make the instrument in the 
first place. It may have been that: 


(1). He had come across a phenomenon—an ex- 
periment which can be repeated within desired 
accuracy limits. 

(2). He was trying to make some measurement for 
which no suitable instrument manufac- 
tured. 


was 


In regard to the first category, let’s go way back to 
Robert Hooke. People had made springs for many years 


ROBERT HOOKE 


but no one really knew very much about them. In 
1678 Hooke described an experiment made some 18 
years before as follows: 


“Take then a quantity of even-drawn wire either 
steel, iron or brass and coil it on an even cylinder 
into a helix of what length or number of turns you 
please, then turn the end of the wire into loops, by 
one of which suspend this coil upon a nail, and the 
other sustain the weight that you would have to 
extend it, and hanging on several weights, observe 
exactly to what length each of the weights do extend 
it beyond the length that its own weight doth 
stretch it to, and you shall find that if one ounce, 
or one pound or one certain weight doth lengthen 
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it one line, or one inch, or one certain length, then 
two ounces, two pounds, or two certain weights will 
extend it two lines, two inches or two lengths, and 
three ounces, pounds, or weights, three lines, inches, 
or lengths; and so forwards. And this is the rule or 
law of nature, upon which all manner of restituent 
or springing motion doth proceed, whether it be 
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rarefaction, or extension, or condensation and com- 
pression.”’ 
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Now this very simple experiment enabled men to 
design useful spring balances, watch springs of predict- 
able characteristics, tire pressure testers, gravimeters, 
and elastic members for more complex instruments. 
No doubt there was considerable adverse comment on 
Hooke’s spring balance with an evenly divided scale; 
it was not self-contained but hung on a nail, the scale 
was not direct reading and it probably had other 
shortcomings. Nevertheless, here was something for 
the instrument maker to go to work on and provide 
with such useful features as temperature compensation, 
accurately drawn scales, and compact construction. 


SOME ADDITIONAL HISTORICAL EXAMPLES 


I assume that we could find in historical records 
dozens of similar cases; those also we could recount at 
considerable length but there is little point to that. 
The interesting thing is that some of the most useful 
and accurate instruments rely on some very simple 
facts once they are uncovered. 

Had it not been for Newton, the measurement of 
displacements of millionths of an inch would not be 
such an easy undertaking. But Newton’s explanation 
for the series of rings which appear when two almost 
perfectly flat glass plates are pressed together enables 
any high school physics student to detect displacements 
of millionths. It also helps the inspector in the finest 
tool rooms to check his gages with optical flats. 
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In 1879 Sir William Crookes showed that cathode 
rays could be deflected by a magnet, and in 1897 J. J 
Thompson demonstrated that electrostatic means 
would deflect them as well. Both these facts woulc 
prove very useful if you wished to start manufacturing 
cathode-ray oscillographs. That is another obliging 
trait about physicists; they are always making usefu 
observations and putting them on the shelf so someone 
else can come along later and build them into usefu 
measuring instruments. 

A good example in point is an observation made by 
Henri Becquerel in 1896; namely, that if a photo 
graphic emulsion is placed in a light-tight enclosur 
near a radioactive substance, the emulsion will shoy 
darkening upon development. First applied for thi 
protection of x-ray technicians, this simple method i 
used today to insure additional protection for thou 
sands of workers in the atomic-energy field. It is ol 
but it is simple; it may have shortcomings but it give 
a record. Yet it started as an observation by an aler 
and inquiring physicist. 

I mentioned earlier that many instruments originat 
because some physicist wanted to measure something 
but there was no adequate instrument to do the jok 
Here, again, there are many examples to choose from 
but I like the story of Christiaan Huygens the best 
He was studying the stars, so you would naturall 
expect him to improve the telescope. He did this as 
matter of course, but one of the things which bothere 
him most was the inaccuracy of his time measure 
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ments when making observations. So he applied th 
pendulum to regulate the movement of a clock. An 
two and one-half centuries of precise time keeping ha 
started, culminating with the beautiful pendulum clock 
of Riefler and Shortt. These held supreme until som 
physicist investigated the vibration properties « 
quartz crystals and now we have crystal clocks, not s 
impressive looking as their predecessors, perhaps, bv 
wonderful timekeepers just the same. 
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No difficulty, however great, could stand in the way 
of Albert Michelson’s determination to measure 
accurately the velocity of light. So we can thank him 
for his interferometer which enables us to measure 
lengths by means of light waves. This quiet, resourceful 
physicist then undertook the work of measuring the 
standard meter in terms of the wavelength of cadmium 
light. Many of us would look on this as a distressingly 
laborious task, but not Michelson. For him, it was just 
a step on the way to his final triumph. 


“He had taught the world to measure. They read 
the furnace and gauge 

“By lines of the fringe of glory that knows nor 
aging nor age.’’* 


MODERN INSTRUMENTS HAD EARLY BEGINNINGS 


Many of us associate the mass spectrometer with the 
stirring events of the 30’s, that later led to the Man- 
hattan District Project and some subsequent spectacu- 
lar demonstrations of applied physics. It’s a long way 
back to J. J. Thompson’s work in 1907, of course, so 
perhaps it’s natural that many people tend to forget it. 
About 1918, however, things started to accelerate. 
Aston in England and Dempster in this country were 
grappling with the problems of making and using 
mass spectrometers. It is fascinating to read in the 
physics journals of the care which was taken and the 
difficulties which were overcome by many workers in 
bringing about the design of the present-day mass 
spectrometer. This instrument will keep the chemist 
and the instrument maker busy for another thirty 
years; the first in learning with it, and the second in 
improving it. 

I mentioned the fascination of reading of the mass 
spectrometer in the physics journals. It seems, perhaps, 
a little foolish to go back to a 1918 reference when 
there are so many modern books written on the subject. 
ry it for yourself and see. If you are really looking for 
basic information on instruments you may be sur- 
prised at the clarity and the forthrightness with which 
the really basic facts are set down in the early writings. 
Also, if you’re trying to build an instrument or design one, 
there’s a good chance you'll have the same troubles and 
imake the same mistakes that the early experimenter did. 
When the need arose for unusual instruments in 
World War II, it was no accident that the physicist 
was called in on the measurement problems. Here was 
a situation in which he was thoroughly versed, a meas- 
rement to be made and no means with which to make 
it. To a rational engineer, some of the solutions sounded 
bretty frightful. Who, except an oil company, would 
mount a magnetometer in an airplane? Who, except 
laphysicist, would put a radiation detector on a sniper’s 
nelmet? On the other hand, some of the solutions were 
beautifully simple. 

Take the case of Linus Pauling, the noted chemist, 
who was asked to make an oxygen detector. Lots of 


*From ballad written by Edwin H. Lewis, appearing in University of 
hicago Poems, University of Chicago Press. 
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people can think of complicated ways to do this. But 
Pauling thought about it and said: “Oxygen of all the 
gases, is the most. magnetic.’’ There is nothing parti- 
cularly new about this fact; it has been known for 
more than a century. The difficulties in applying it to a 
direct-measuring instrument are of a very practical 
nature. The forces are extremely minute; it is even 
difficult to demonstrate the phenomenon in the labora- 
tory. Before any one was able to discourage Pauling 
on the basis of a logical and practical argument, he 
went ahead and built an instrument based on sound 
physical principles: if the forces are small, keep the 
mass and moment of inertia at a correspondingly 
small value. And so we have Pauling’s oxygen detector, 
so simple, and yet so neat in principle. It takes a good 
man to make new and simple things. 


A MIGHTY TEAM 

It was no accident that in September of this year the 
American Physical Society joined with the Instrument 
Society of America and other eminent engineering 
societies in a meeting at Philadelphia. This is a mighty 
team, the physicist, the instrument designer, and the 
instrument manufacturer, each giving of his special 
talents so that new measurement knowledge is rapidly 
available to serve industry and science. Will the progress 
ever slow down and the returns diminish? I don’t think 
so. I have some friends who are physicists. 
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versatile 


By M. A. PRINCI 


Instrument Engineering Division 


Be CR ALLY thousands of measuring devices have 
been developed for specific, applications. How- 
ever, since the measurement problems with which 
engineers and technicians are confronted daily are so 
broad and diversified, this article is intended to suggest 
approaches to measurement problems based upon 
utilization of existing laboratory instruments (FIG. 1). 
The applications of electric instruments to the meas- 
urement of electric quantities are well known to 
laboratory personnel who are concerned primarily 
with electrical work. However, a great majority of the 
problems confronting laboratories today involve the 
measurement of nonelectrical quantities. In the fields 
of mechanics, physics, biology, and medicine, the need 
for improved measurement techniques is great and the 
potentialities of the electrical approach are frequently 
not recognized. 


THE ELECTRICAL APPROACH 

Many measurements which otherwise would be im- 
practical because of physical limitations yield readily 
to electrical methods. For instance, in studying the 
feeding habits of grasshoppers, Professors Pepper and 
Hastings of Montana State College believed there was 


: 


Fig. 1. Typical laboratory instruments: electromagnetic oscillograph 
(upper left), photoelectric recorder (upper right), light-beam galvanom- 
eter (lower left), and self-balancing potentiometer (lower right) 
? 
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In conjunction with various primary detec- 
tors, these instruments are flexible and 
in electrical 


and 


Meter and Instrument Divisions, General Electric Company 


GENERAL ELECTRIC REVIEW 


EXTENDING THE USEFULNESS OF - 
LABORATORY INSTRUMENTS 


and other fields 


H. S. DAY 


Electric Instrument Sales Division 


latin 2 Oe 


a definite relationship between the insects’ varying 
body temperature and where they do their feeding. 
Taking a grasshopper’s temperature by the usual 
methods has not been reduced to practice, but by use 
of a small thermocouple (Fic. 2) and a standard 
laboratory potentiometer the measurement problem 
was readily solved. 

The electrical approach to the measurement of non- 
electrical quantities involves the use of a primary de- 
tector which converts the measured quantity to a 


Fig. 2. 


Measuring the temperature of a grasshopper 


proportionate electric signal, and an end device which 
indicates or records its magnitude. Sometimes an inter- 
mediate means must be employed to either amplify 
the signal or to change its quality to make it better 
suited to the end device. Thus, the range of usefulness 
of many laboratory electric instruments can be ex- 
tended materially by providing primary detectors for 
various nonelectrical quantities. 

To facilitate realization of maximum benefit of the 
electrical approach, one group of measurement engi- 
neers has tabulated the more common primary de- 
tectors and outlined their range of usefulness, advan- 
tages, principle of operation, etc.“) Even when me- 
chanical instruments can be used to perform the 
measurement, the electrical method frequently is 
preferred because it is flexible and versatile, it permits 


(1) Numbered references are listed at the end of the article. 
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remote indication or recording, it may be more pre- 
cise, and it frequently provides a means of doing the 
job with the existing laboratory instruments. 

Today, the use of electric instruments to measure 
nonelectrical quantities is so broad that even a general 
review of major applications is impractical. The fol- 
lowing interesting applications will serve to illustrate 
the wide variety of measurement problems which have 
been solved by the electrical approach. 

The Illinois Testing Laboratory was called upon to 
measure low air velocity in the study of circulation 
(Fic. 3). The problem was solved by the use of a 
primary detector which employs a heated filament the 
temperature of which changes as a function of air 


Fig. 3. 


Thermocouple applied to the measurement of low air velocities 


velocity. A sensitive photoelectric recorder provides a 
record of the minute temperature changes of the detect- 
ing element. The same recorder is used with other pri- 
mary detectors for measuring light intensity, electrical 
phenomena, and various other quantities. 


MATERIALS SELECTION 


Ari unusual application of the self-balancing po- 
tentiometer shown in Fic. 4 saved many hours of 
tedious tests in the laboratory. A rather large quantity 
of laminations of different ferrous materials had been 
stored in a single container. The various kinds of iron 
were not identifiable by inspection, but it was known 
that the materials included were nicaloi, silicon steel, 
permalloy, and mumetal. The principle employed to 
sort the materials consists of establishing two thermal 
junctions on each piece of the material being sorted. 
Two identical iron probes are used. A small heater 
encloses one of the probes and raises its temperature 
to some arbitrary constant value. The other probe 
is held at room temperature. When the two probes 
are applied to the sample being sorted, the potential 
difference between the two junctions appears at the 
input of the self-balancing potentiometer. The output 
of the potentiometer is connected to a milliammeter 
indicating the magnitude of the potential difference. 
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Before starting the sorting operation, a sample ¢ 
known material to be sorted is applied to the probe 
and the milliammeter deflection noted. All samples « 
this material will result in the same deflection of th 
milliammeter as long as the temperature of the he 
junction is maintained constant. Similarly, each of tk 
other materials can be sorted, provided the range « 
thermal emf is sufficiently wide to insure the prope 
selection. The inherent accuracy of the system is suff 
cient to permit readily sorting materials that hav 
thermal emf’s differing by two percent. 


CHEMICAL ANALYSIS EMPLOYING FLAME PHOTOMETER 


Flame photometry has been employed in quantit 
tive chemical analyses in several diversified arrang 
ments.®) Fic. 5 illustrates one form of this devic 
which has been employed by Dr. W. M. Wallace an 
Miss M. Cushman of Harvard University in connectic 
with research on the treatment of diabetic coma an 
heart disease. An atomized solution of the body fluic 
containing either sodium or potassium is carrie 
through the base of a gas burner into the flame an 
ignited. The color of the light arising from the flan 
will, of course, be characteristic of the element beir 
determined. By means of two barrier-layer ligh 
sensitive cells and a system of filters, the intensity ar 
quality of the light falling on the two cells after filterit 
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Fig. 4. 


Functional diagram of the materials selector 


furnishes a quantitative indication of the presence « 
the element being studied. 


Referring to Fic. 5, two slits are provided in tl 
burning chamber so that light may fall on each « 
two mirrors and be reflected to the respective phot 
electric cell. One of the cells is covered by a lithiu: 
filter, thus rejecting radiation other than that chara 
teristic of lithium. To the other photocell is applie 
either the sodium or potassium filter. The ratio of ligl 
intensities on the two light-sensitive cells is indicate 
by the potentiometer settings when the galvanomett 
reading is. zero. This ratio when compared with tl 
initial calibration curve provides the measure of sodiut 
or potassium in parts per million in the solution beir 
tested. 

In this and other applications the flame photopmet 
has reduced considerably the time required to obtai 
quantitative chemical analysis over that required b 
conventional wet methods. 


/ } 
STRAIN MEASUREMENT 4 


Since the early development of the wire strain gaget 
it has been successfully applied for the measurem 
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f strain and vibration in both static and dynamic tests 
yf structural members and rotating shafts. 

A novel application has been made of that primary 
letector by a steel company to adjust rolling-mill 


SOLUTION UNDER TEST 


‘ig. 5. Functional diagram of a typical 
ame photometer 


PRESSURE 


yressures (Fic. 6). When adjusting the roll pressures, 
tandard test blocks are used on which are mounted 
he wire strain gage. Fic. 7 shows the circuit arrange- 
nents in which a photoelectric recorder is employed 
0 indicate changes in strain. This scheme furnishes 
_teady means of obtaining a continuous record, and, 
yecause of its fast response of one-third second full 
cale, has made possible more precise roll adjustments 
han would be possible by conventional methods. 

In the circuit in Fic. 7, the wire strain gage is con- 
ected in a bridge circuit which is excited from a local 
scillator. The output of the bridge is amplified and 
pplied to a discriminator network which is energized 


Fig. 6. Wire-strain-gage equipment for studying strain in rolling-mill 
machinery 


om the same local oscillator. The output of the dis- 
iminator is rectified and connected to the photoelec- 
ic recorder; thus rapidly increasing and decreasing 
agnitudes of strain can be recorded. The bridge re- 
ires only simple adjustments before the test is 
itiated, and thereafter a continuous indication is 


_ 1948 


SODIUM OR POTASSIUM 
FILTER 


LENS 


BUNSEN 
BURNER 


GAS FROM CONSTANT 
PRESSURE CHAMBER 


ATOMIZING CHAMBER 


AIR FROM CONSTANT 
CHAMBER 


GENERAL ELECTRIC REVIEW 


obtained on the chart, which is calibrated in terms of 
micro-inches per inch. 

The particular features of this scheme are: first, 
the wide range of strain which the system is capable 
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of recording; and second, the rapid response of the 
instrument. 


CONCLUSIONS 

The importance of measurements to practically all 
phases of laboratory work emphasizes the need for 
more information which will facilitate the solving of 
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Fig. 7. Functional diagram of the wire strain gage employing a photo- 
electric recorder 


day-to-day problems. The range of usefulness of exist- 
ing laboratory electric instruments frequently can be 
extended to the measurement of nonelectrical quan- 
tities if the fundamentals are understood. Armed with 
a few basic laboratory instruments and a knowledge 
of the more common primary detectors, the engineer 
or physicist can take full advantage of the tools already 
at his disposal. 
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PRINCIPAL PRESENT-DAY DESIGN 
OF C-E STEAM GENERATING UNIT 


... for industrial plants 


Here are four designs of C-E Steam Generating 
Units which are finding wide favor among present- 
day buyers. Collectively, they meet all capacity 
requirements — from 5,000 to 300,000 (or more) 
pounds of steam per hour — and virtually all con- 
ditions of pressure and temperature. Each unit is 
designed to meet modern standards of perform- 
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AVENUE, 
C-E PRODUCTS INCLUDE ALL TYPES OF BOILERS, FURNACES, PULVERIZED FUEL SYSTEMS AND STOKERS; ALSO SUPERHEATERS, ECONOMIZERS AND AIR HEAT 


ance not only in terms of fuel-burning efficiency 
but also with respect to such important factors as 
reliability of operation and low maintenance... 
While not completely representative of the C-E 
line of boilers and fuel-burning equipment, these 
units are applicable to the vast majority of today’s 
steam generating needs. B-123 


1 Typical of pulverized fuel fired VU Steam Generator 
as designed for the larger industrial requirements. Built 
for capacities up to 300,000 {or more) Ib steam per hr. 
May also be fired with oil or gas. 


2 VU Steam Generator fired with C-E Continuous Dis- 
charge Spreader Stoker; capacities up to 250,000 lb per 
hr. Also adaptable for firing by other types of stokers, oil 
or gas with capacities from 20,000 lb up. 


3 C-E Package Boiler fired with C-E Spreader Stoker; 
also available with Type E Stoker and for oil or gas firing. 
Capacities range from about 15,000 to 50,000 Ib per hr. 


a Type VM (Low Head) Boiler fired with Type E 
Stoker; also adaptable to other types of firing. Built for 
capacities ranging from about 5,000 to 35,000 Ib steam 
per hr. 
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DETECTION AND LOCATION OF FAULTS 
IN FHP MOTOR STATOR WINDINGS 


Testing technique developed for each type of motor employs equipment 


fhat applies the type of voltage transient encountered in service 


By M. C. HALLECK 


Fort Wayne Works Laboratory 
General Electric Company 


UCH work has been done, but very little written 
about, the potentialities and possible applica- 
tions of the winding-insulation tester described in this 
article. Hence a brief review will be given of why such 
a machine was needed and how it operates, and then 
an outline of a few applications where the testing equip- 
ment, when used properly, is an aid in producing a 
better quality product. 
For many years electric equipment was tested for 
possible insulation failure by simply applying power- 
frequency potential between one end of the winding 
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Fig. 1. Comparison of insulation breakdown time for power-frequency 
voltage and impulse voltage 


and ground. This test proved to be adequate for testing 
conductor-to-ground insulation but gave no information 
about the equally important turn-to-turn and layer-to- 
layer insulation strength. ; 

To, apply a voltage stress between turns, a high- 
frequency test was introduced. The frequency range 
of the test equipment was about 1000 to 1200 cycles 
per second, and was used many years to indicate faults 
in fractional-horsepower motors. This test proved to be 
an important link in improving the design and quality 
of electric equipment but failures still occurred in 
service. 

It was later found that these failures were caused 
by high-voltage transients which appeared across the 
line terminals. These transients were chiefly caused 
by circuit interruptions and lightning. As a matter of 
fact, switching surges as high as 3000 volts have been 
observed on 115- and 230-volt lines. The duration of 
the transient is very short: the voltage rises to its 
crest in approximately one microsecond. As a result, 
these voltage transients produce a very high stress 
between turns in the winding. To raise the high-fre- 
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quency test equipment’s voltage sufficiently high tc 
simulate that stress between turns requires such high 
densities that this method of test is not practical. 


THEORY 


Experiments have shown that it takes a certair 
length of time for insulation to break down when < 
sine-wave voltage of low frequency is applied. It takes 
quite a different length of time when an impulse volt: 
age of the same amplitude is applied. Fic. 1 will illus. 
trate that characteristic difference more clearly. Bott 
of the voltage vs breakdown time curves relate tc 
similar windings. One curve is of 60-cycle sine-wave 
voltage vs breakdown time, while the other is of surge 
voltage vs breakdown time. If a peak voltage V is hele 
constant, the time to breakdown is OT seconds on the 
60-cycle curve, while it is OT’ seconds for the impulse 
voltage curve. If, on the other hand, the breakdowr 
time is held constant, say OT seconds, the peal 
voltage on the impulse test may be increased to OV 
before the winding will break down. These curves are 


(0) (b) 


Fig. 2. Comparison of surge time in a sine wave (a) and impulse wave 
(b) with identical voltage input 


only qualitative and represent no particular winding 
Each type of winding will have its own particula: 
curves. 

It has been found” that certain single-phase induce: 
tion stator windings will withstand, for the same 
length of time, an impulse voltage 1.7 times as higt 
as a 60-cycle sine-wave voltage. This difference betweer 
the two curves in Fic. 1 may be explained by noting 
the difference in length of time the voltage is above ¢ 
certain value in any one second. In Fic. 2(a) the voltage 
above a certain value V will be the amount that will be 
the most effective in producing insulation failure 
Lower values do cause stress but its degree is relatively 


(1) Numbered references are listed at the end of the article. ~ { 
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Fig. 4. Typical wave forms and calibra- 
tion trace shown by oscilloscope in wind- 
ing tests 


(1) Good Winding (abnormally wide 
sweep) 
(2) Calibration for (1) 
(3) Good Winding (Normal Sweep) 
(4) Shorted Turns in one stator 
winding 
_ (5) Shorted Turns in another stator 
winding 
(4-1) _ Auxiliary Pickup Coil 1, with 
stator winding (4) 
(4-2) Auxiliary Pickup Coil 2, with 
stator winding (4) 
(4-3) Auxiliary Pickup Coil 3, 
stator winding (4) 
(4-4) Auxiliary Pickup Coil 4, 
stator winding (4) 
(5-1) _ Auxiliary Pickup Coil 1, 
stator winding (5) 
(5-2) _ Auxiliary Pickup Coil 2, 
stator winding (5) 
(5-3) Auxiliary Pickup Coil 3, with 
stator winding (5) 
(5-4) _ Auxiliary Pickup Coil 4, with 
stator winding (5) 


with 
with 
with 


with 


unimportant compared to that resulting from values 
above V. The voltage amplitude is seen to be V or 
above for a certain time T. 


In Fic. 2(b), the impulse voltage is above V for a 
much shorter time. Thus if both voltages reach this 
‘crest the same number of times per second, the accumu- 
lated length of time the voltage is above V on the 
sine-wave voltage is much longer than on the impulse 
voltage. By the same reasoning, the impulse voltage 
‘may be raised above the 60-cycle voltage before equiv- 
jalent insulation deterioration takes place. As a corol- 
lary, the impulse voltage is above the nominal value 


a) aie bn 
| Sweep 8 | \ 
TRIGGER CIRCUIT ————— | * BET ECLORS 
ai ES 
Jes 
— ere {=> To Auxitiary CiRcoIT 
o) ® L : 


= AW a 


SYNCHRONOUS 
REVERSING SwiTCH 


Fig. 3. Schematic diagram of winding insulation tester 
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for a much shorter period of time than the 60-cycle 
sine-wave voltage, hence the injury to the insulation 
will be less. 

It is common knowledge that the voltage distribu- 
tion in windings may change with frequency. The 
voltage distribution produced by the complex surge 
voltages occurring in service will be nonlinear. There- 
fore it became evident that the test equipment needed 
should apply the same type of voltage transient as that 
found in service. 


OPERATION 


The schematic circuit diagram of the resulting wind- 
ing-insulation tester is shown in Fic. 3. A voltage 
coming from the trigger circuit, which is also part of 
the sweep circuit, causes thyratron 2 to carry current, 
thereby discharging capacitor 3 into the winding of 
two single-phase induction stator windings. The capac- 
itor was charged on the previous half-cycle by the trans- 
former through rectifier tube /. Thyratron 2 is triggered 
once each cycle of the power frequency; thus there is 
a voltage surge every cycle. By using the synchronous 
reversing switch, the surge on the first half-cycle may 
be sent through the main, or run, winding of the test 
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stator and back through the run winding of the stand- 
ard stator to ground. On the next half-cycle, the surge 
will travel through the run winding of the standard 
stator and back through the run winding of the test 
stator to ground. By connecting the oscilloscope mid- 
way between the two run windings, it is possible to 
view the wave pattern produced by each winding. If 
the two windings are alike in every respect, the wave 
from one winding will match the wave from the other 
winding and the two waves will superpose and appear 
on the scope as but one wave, as shown in Fic. 4(3). If the 
windings are not alike, two waves will appear as indi- 
cated in Fics. 4(4) and 4(5), the result of shorted turns. 


RUN 
2 


2000 2020 1870 1340 930 
TEST STATOR 


fied by the type of wave pattern shown on the scope. 

Voltage measurements taken at intervals along the 
run winding indicated a nonlinear voltage distribution. 
At some’ points the voltage even exceeded the input 
surge voltage. 

Fic. 5(a) shows the voltage to ground at each pole 
coil in the run winding of a four-pole induction stator. 
This distribution of voltage is the result of reflected 
waves and inductive and capacitive coupling between 
turns in the winding. Since the individual stator coils 
are random-wound, the inductive and capacitive cou- 
pling will not be uniform. Thus it would be very difficult 
to calculate the voltage that would be present in any 


RUN 
2 


< 
SURGE 


1340 1870 2020 
STANDARD STATOR 


2000 


930 930 


(c) 4 3 RUN 2 ! 


2020 2120 
TEST STATOR 


2000 


2030 
TEST STATOR 


2000 2340 1760 1480 


TEST STATOR 
Fig. 5. 
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1040 


STANDARD STATOR 


2120 2120 2120 
STANDARD STATOR 


2020 2020 


SURGE 
< 


1820 2030 2000 


1480 1760 2340 


STANDARD STATOR 


2000 


Voltage to ground at each pole coil in a four-pole stator being tested with the winding 


tester synchronous switch operating. Various arrangements are shown in (a) to (e) inclusive 


The winding insulation tester was originally designed 
to produce a surge voltage which would reach crest 
in one microsecond and fall to half-crest on the wave 
tail in 5144 microseconds. A typical calibration wave is 
included in Fic. 4(2) for a wave pattern such as that 
shown in Fie. 4(1). 

It has been found by experience that different pat- 
terns on the scope are caused by different kinds of 
faults in the winding, and also that similar faults give 
similar patterns. By this means, faults may be classi- 
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portion of the winding. For that reason the volte 
distribution is determined by test. 

It is quite evident from Fic. 3 that some sort 
voltage will be present also in the start winding. T 
voltage may be produced either by induction or 
direct coupling, or a combination of the two. Fic. 5(t 
shows the voltage to ground at each pole coil in t 
start winding, while the run winding is being surged. 

In Fic. 5(a) coil 1 has 2000 volts at the beginning 
the winding while coil 4 has only 930 volts at the et 


yf the winding. This means that coil 4 has roughly half 
he surge voltage found in coil /. A similar voltage 
listribution would be found in the winding when in 
ictual service if a transient voltage of the same magni- 
ude enters at coil /. 

Since, in service, voltage transients may enter at 
ither end of the winding it is necessary to initiate the 


(a) 


RUN | RUN 2 
> 
SURGE 
800 600 
a TEST STATOR 
(b) 
SURGE 
= TEST STATOR 
RUN 
(c) 
1920 RuN | 
SURGE > 
2000 START 
= 1100 
TEST STATOR 
Fig. 6. 


different. Fic. 6(c) shows another method in which the 
winding may be surged. 

Therefore using the winding-insulation tester does 
not mean merely connecting the leads to the machine 
and observing the pattern. In order to control the test, 
a preliminary analysis of the surge must be made to 
determine whether the voltage distribution is the type 


RUN 2 


RUN | 


< SURGE 


SURGE 


STANDARD STATOR = 


RUN 2 


RUN | 1920 


SURGE 


STANDARD STATOR 


Voltage to ground at each pole coil in a 110-220-volt four-pole stator being tested 


in various arrangements (a) to (c) with the winding insulation tester switch operating 


est surge at every terminal. By operating another 
witch located between the synchronous reversing 
witch and the winding (not shown in FIG. 3), it is 
ossible to quickly reconnect the winding so that even- 
ually all line terminals will be surged. 

Fics. 5(b) (c)(d)(e) show the four possible connection 
ombinations and the voltage to ground at each pole 
oil. Fics. 5(c) and 5(e) show the two combinations 
vhere the surge may enter at the common connection 
or the start and run windings. In these instances the 
voltages in the open winding are quite high. The 
esistance to ground shown at the end of the winding 
ielps reduce these voltages considerably; otherwise 
hey would be much greater than indicated in the dia- 

ams. 


PPLICATION 


_ There are many types of windings used in the manu- 
ure of motors. Each type will have its own charac- 
eristic inductive and capacitive coupling, and that 
fill result in a particular voltage distribution for that 
inding. For example, Fic. 6 shows a combination 
15/230-volt stator winding. Surging the two windings 
mnnected in series (FIG. 6(a) ) gives a certain voltage 
is ribution in the winding. If the two run windings are 
ooked in parallel (Fic. 6(b) ), as would be the case 
x a 115-volt line, the voltage distribution is quite 
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desired, and to be sure there are no excessive voltages 
in adjacent windings. 

The winding-insulation tester is not limited to the 
surge testing of motor windings. In the manufacture of 
reactors and small transformers, cases have been found 
where rearranging the leads greatly increased the 
insulation strength. Also, points of weakness were 
strengthened by adding insulation to those weak spots. 
Some cases were found where the insulation was stronger 
than necessary. All this valuable information was 
obtained by noting the potential at the instant failure 
occurred on a number of samples when using the wind- 
ing-insulation tester. As a result, the quality of the 
product has been greatly improved. 


AUXILIARY EQUIPMENT 


Several years’ use of the winding-insulation tester in 
the manufacture of fractional-horsepower motors has 
proved its value in improving the quality of the mo- 
tors. In fact, this device is used in testing all motors of 
several types. 

When adopting the winding-insulation tester, a 
need arose for more accurately locating the faults in 
the winding. The tester itself will indicate whether a 
fault is present in the entire winding. Early methods 
for more accurately locating faults consisted of dis- 
charging acapacitor into asmall auxiliary winding placed 
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close to the winding under test. If there were shorted 
turns present in this part of the winding, current 
produced by transformer action would flow in the 
auxiliary winding. The current was indicated by an 


00609 


TEST STATOR 


SELECTOR 
SWITCH 


sry 


STANDARD STATOR 


eae 
eS 


SWITCH 


To AMPLIFIER 


Fig. 7. 
windings 


Circuit diagram of pickup coils in single-phase induction stator 


adequate ammeter. The device proved very helpful 
in locating shorted turns but would not locate other 
types of faults indicated by the winding insulation 
tester. 


A later method employed the winding-insulation 
tester with some auxiliary equipment for locating faults. 
The equipment consists of small pickup coils placed 
over each set of windings, as indicated in Fic. 7. 
Transformer action between the winding and the pickup 
coils induces in those coils a low voltage, which is 
then picked up and amplified, and connected to the 
plates of the scope in the winding tester. 


Fig. 8. 


Auxiliary equipment for locating faults 


The coils are connected together through resistance 
R which is center-tapped and connected to the ampli- 
fier. In this manner two patterns appear on the scope, 
indicating the condition of that portion of the winding 


24 


GENERAL ELECTRIC REVIEW 


on a standard and a test stator. By switching to tl 
pickup coils, an individual coil of a stator can be con 
pared with a coil of a standard stator. The pickup cc 
showing the worst condition indicates that portion 
the winding at fault. 


Fic. 8 shows the construction of the pickup coils fi 
both the standard and test stators. The arm at the le 
front is for rotating the pickup coils to either the ma 
or the start winding. This arrangement eliminates < 
extra set of coils for the two windings. 


The amplifier is a two-stage class A amplifier havir 
an amplification of 80 to 1 and was purposely designe 
for a long narrow space. Fic. 9 shows the schemat 
diagram of the amplifier. Since the pulse voltage is - 


Fig. 9. 
ment 


Schematic diagram of amplifier circuit used with auxiliary equip- 


one direction only, the pickup voltage will also be— 
one direction. Thus the bias on tubes 3 and 4 may | 
adjusted to give good response to this single-directic 
impulse voltage. 


Fig. 10. 


Arrangement of transformers and tubes in amplifier 


Fic. 10 shows the arrangement of the transforme 
and tubes in the long narrow chassis. The first stays 
of amplification was shielded to guard against stré 
pickup. The switches were all placed on the front « 
the amplifier chassis for ease of operation. By °4 
structing the auxiliary equipment in this mann 
the surge tester is not disturbed except for bring 
out two leads from the scope. 


Fic. 11 shows the actual factory set-up of 
winding-insulation tester and its auxiliary equipm 


. 


Fic. 4 shows the type of patterns observed on the 
ereen when using the winding-insulation tester first 
9 indicate a fault and then (using also the auxiliary 
quipment) to accurately locate the fault. Fics. 4(4) 
nd 4(5) typically indicate shorted turns in the wind- 
ug. Fics. 4(4-1) (4-2) (4-3) (4-4) are the patterns 
roduced by the voltage induced in the pickup coils 
y the stator winding that produced pattern Fic. 4(4). 

Fics. 4(5-1) (5-2) (5-3) (5-4) are the patterns pro- 
uced by the voltage induced in the pickup coils by 
he stator winding that produced pattern Fic. 4(5). 
atterns in Fics. 4(4-1) and 4(5-3) are quite different 
rom the others in their groups and thus show that 
he portion of the winding adjacent to that pickup coil 
; at fault. With the additional equipment, and an ex- 
erienced operator, it is possible to determine the type 
f fault and the location of the fault. 


ONCLUSIONS 

There have been considerable strides made in im- 
roving test equipment to more nearly simulate voltage 
ransients found in service. These transients impressed 


Fig. 11. Winding insulation tester and auxiliary equipment set up for 
factory tests 


nm a motor winding produce a definite voltage-distribu- 
ion characteristic for that winding. Therefore, the 
esting technique for each type of motor must be 
leveloped experimentally. To improve quality, many 
ypes of windings are surge-tested 100 percent with 
he insulation tester described in this article. Auxiliary 
quipment used with the tester has been adopted to 
solate faults. 
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% Clarostat Series MMR bakelite-in- 
sulated metal-clad resistors definitely 
run cooler than other similar types, 
size for size. Or putting it another way, 
these resistors will dissipate more power 
for the same temperature rise, size for 
size. We invite your own tests. Sample 
on request. yr Series MMR resistors are 
available in upright (shown) or flat 
mountings. Resistance values from frac- 
tion of ohm to 15,000 ohms per wind- 
ing inch. 2} watts per winding inch 
in free air; 5 watts when mounted flush 
on metal radiating surface. y% Bulletin 
109 on request. 


WEST VIRGINIA PULP & PAPER COMPANY 


230 Park Avenue, New York, N.Y. 35 E. Wacker Drive, Chicago, Ill. 
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HOW THEY’RE MADE— 


1. A slug of aluminum is struck one 
sharp blow in a die by a punch. 


2. Because the die is larger than the 
punch, the metal flows out of the die 
and shoots up the punch. 


3. The space between the die and 
punch determines wall thickness. The ex- 
ternal design features are incorporated 
in the die, the internal in the punch, 
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*Trade mark of American Thermos Bottle Co, 


ALCOA awumin 


because Alcoa Aluminum 


takes a Wallop 


The shell of the new all-aluminum Thermos* brand vacuum bottle 
is an Alcoa Aluminum Impact Extrusion, formed in one mighty 
wallop from the aluminum alloy biscuit shown above at far left. 

By using an Alcoa Aluminum Impact Extrusion, American Thermos 
Bottle Company gives the new Thermos brand bottle these sales 
advantages . . . higher strength than a stamped or drawn shell, 
lower unit cost for the shell, lighter weight for the finished bottle, 
gleaming beauty that will never be marred by rust. 

Almost any shape that is symmetrical can be made as an Alcoa 
Aluminum Impact Extrusion. Bosses, vertical fins, lugs, and other 
special features are formed integrally at the moment of impact. 
Few tools are required, and these cost little. Parts costs are less, 
almost no finish machining is necessary, design possibilities are 
unlimited. 

Let us show you the variety of parts made as Alcoa Aluminum 
Impact Extrusions. Your designer’s imagination will find places to 
use impact extrusions in your products. 

ALUMINUM Company oF America, 1794 Gulf Building, Pittsburgh 
19, Pennsylvania. Sales offices in 54 leading cities. 
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DETERMINING TEMPERATURES 
OF TRACTION MOTORS 


Description of instruments and techniques 
devised for temperature measurements on 
diesel-electric traction motors in service 


By J. W. TEKER 


fphion Ft 


he LLY in diesel-electric locomotive ap- 

plications, special duty cycles are encountered 
chat make highly desirable the determination of the 
eemperatures of the traction-motor windings while in 
service. This article describes the instruments and 
-echniques devised for such work. 


Under some conditions, it is considered good applica- 
‘ion practice to utilize the full ability of a locomotive 
9eyond its normal continuous rating provided the 
motor or generator windings do not exceed predeter- 
nined safe temperatures for a duration of time suffi- 
ent to damage or to unduly shorten the insulation life. 
Severe overheating in a single instance may be suffi- 
ent to shrink wedges and relax bands without causing 
mmediate failure, but subsequent movement of the 
winding under influence of vibration will cause the 
nsulation to wear through and fail by short circuit or 
yy grounding even before complete deterioration of 
she insulation. 

The ability of a diesel-electric locomotive to handle 

wverloads is dependent upon the thermal capacity of 
the electric apparatus, so that the duration for which 
un overload may be maintained without harm is deter- 
nined by the temperature of the windings just preced- 
ng the application of the overload. 
_ From track profile, train tonnage, and certain care- 
ully chosen assumptions, experienced personnel can 
salculate the approximate maximum winding tempera- 
sure that will be reached in a given service. When 
narginal applications occur, a measurement of wind- 
ng temperature is necessary to determine more closely 
she factor of safety. 


BASIS OF TEMPERATURE MEASUREMENT 


It is impractical to measure directly the tempera- 
ure of windings assembled in a motor under a loco- 
notive, but it is practical to measure the electrical 
esistance of the winding. The temperatures can then 
de calculated from this resistance measurement, since 
t is known that as the temperature of copper changes 
Shere is a corresponding change in its electrical resist- 
ance. 

_ Therefore, it is only necessary to measure the cold 
esistance r of the windings in question after the motors 
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have stood without power long enough for all parts to 


reach a uniform temperature ¢. This temperature is 
measured with thermometers placed on the motor parts. 
The hot winding resistance Rk; obtained in actual 
service, is measured at prearranged stops where 
the maximum motor temperatures are expected. The 
hot temperature T can be calculated from the relation 

=(R/r) (234.5+1) —234.5, wherein the temperatures 
are all in degrees centigrade. 

For the purpose of making the service measurements, 
the motor-field windings are connected to the measur- 
ing instruments, located in the locomotive cab, by 
temporary wiring and suitable switches so that the 
required readings can be quickly made. The armature 
resistance is obtained by selecting a span of the arma- 
ture winding to which connection is made by a special 
yoke applied by hand pressure to the commutator 
through the motor inspection opening. Connection 
between contacts of the yoke and the instrument sta- 
tion is made through a multiple-wire flexible cable. 
This auxiliary equipment is coiled and carried in the 
cab between points where stops are made for measure- 
ments. 


It is of course necessary to remove power from the 
motors and bring the train to a stop before the resist- 
ances can be measured. During this interval the mo- 
tors are cooling. For this reason, the temperature of 
the winding as determined at the instant when the 
resistance is obtained is considerably lower than the 
actual temperature of the winding when power was 
removed. The difference is represented by the amount 
of cooling taking place during this elapsed time. The 
rate of this cooling can be determined by recording the 
time interval between the instant power is removed 
and the time each resistance is read, and then plotting 
the values as temperature with respect to time. A curve 
drawn through these points and extended (in accord- 
ance with accepted cooling-curve practice) to the 
power-off time will give the most probable temperature 
at that instant. Obviously, a minimum elapsed time 
will give the greatest accuracy. 


NEED OF SPECIAL MEASURING EQUIPMENT 


While this method is recognized as the most reliable 
means for motor-temperature determination by labora- 
tories and test floors throughout the electrical industry, 
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Fig. 1. Electronic converter and balancing motor used in 
detecting bridge balance 


attempts to apply it to diesel-electric locomotive service 
tests were disappointing. Series-wound traction mo- 
tors, with low-resistance components, made the use of a 
Kelvin double-bridge desirable; but for testing loco- 
motives in service it was found extremely difficult to 
use the conventional suspension-type galvanometer 
with this bridge. Engine vibration affected the gal- 
vanometer so seriously that time was lost and readings 
were erratic. The cooling curves so obtained were 
unsatisfactory and questionable. Engines cannot be 
shut down during the making of these measurements 
because tests with scheduled revenue trains must be 
made with minimum delay. Continued operation of 
the diesel engines and air compressors during the stop 
is necessary to permit recharging the air-brake system 
in order to make a quick start as soon as measurements 
are finished. 


Because of the unsatisfactory experience with con- 
ventional suspension-type galvanometers in that ap- 
plication, an electronic method of detecting bridge 
balance was adopted. 


Fig. 2. Portable self-balancing bridge complete with converter and 
balancing motor, and resistance bridge; but without cover 


THE EQUIPMENT DEVISED 


The electronic converter and balancing-motor ur 
shown in Fic. 1 was found to have the required sensiti 
ity and was not affected by vibration. This unit receiv 
the out-of-balance emf from the bridge, converts it» 
alternating current, amplifies this voltage, and uses t] 
amplified voltage to excite one winding of a spli 
phase motor. The direction of rotation of the motor 
dependent upon the polarity of the direct-current er 
received from the bridge. 

The complete instrument assembly shown in FIG. 
contains a resistance bridge from which the galvanor 
eter had been removed and the galvanometer conne 
tions wired to the input terminals of the converte 
The knob provided to rotate the resistance dial of t! 
bridge was removed and a pulley mounted in its plac 

Total Train Weight 1224 Tons (13 Cars + Loco.) 


RMS Current 449 Amperes For 67 Minutes 
Or Total Distance Of 81 Miles 


O= #1 Motor X=#2 Motor 


Rise - Degrees Centigrade 


47.5 
37.5 
68 


Time - Minutes 


Fig. 3. Typical cooling curves obtained with the self-balancing bridge 
‘ Arm: Armature winding 


ie Monee ae ie 
The balancing motor was used complete with gearit 
and slide-wire drive and coupled to the pulley mounte 
on the bridge resistance-dial shaft. 

With this arrangement, the instrument becomes 
self-balancing resistance bridge, and upon applicatic 
of power to the bridge circuit any unbalance of tl 
bridge causes the balancing motor to so rotate that tl 
bridge dial is moved in the correct direction to resto 
balance. Full rotation of the dial is obtained in a 
proximately 30 seconds. As soon as balance is achieve 
the resistance value is read directly from the bridge dié 
Vibration in no way affects the accuracy of balance. 

This special instrumentation, with attendant aux 
iary equipment, reduces the technique and skill r 
quired to a point where measurements can be mac 
under adverse service conditions with a speed ar 
accuracy equal to, or even surpassing, those obtaine 
under more favorable test-floor conditions. 
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Total Train Weight 926 Tons 
RMS Current 619 Amperes 
For 20 Minutes 


O= #1! Motor 


X= +2 Motor 


| 
| 
Hssenate 


Rises Based On 529 c | 


Fig. 4. Typical cooling curves previously obtained using ; 80 
conventional instruments 


Arm: Armature winding 
C.P.: Commutating-pole field 
Exc: Main field 


Rise - Degrees C 
~ 
fe) 


Temp Rise 
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Commutator 102 50 __| 
Arm 41 89 
#2CP 111 59 
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APPLICATION AND RESULTS 


Field tests were made consisting of three resistance 
measurements on each of four fields and two armatures 
in an elapsed time of less than six minutes from the 
time of power removal to the time the train was ready 
to proceed again after completion of the measurements. 


Fic. 3 shows a typical set of curves obtained by 
these measurements for the armature, commutating- 
pole, and main field. Fic. 4 shows a set of similar curves 
made from the inadequate data obtained previously 
when using conventional instruments. A comparison 
of these sets of curves shows the definite superiority of 
the special instrument. 


In order to obtain additional data on locomotive 
performance, it is desirable during a test to measure 
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other temperatures, such as the temperature of ambient 
air, traction-motor armature bearings, traction-motor 
axle bearings, traction-motor frame, and ventilating 
exhaust air. These temperatures can be conveniently 
measured by thermocouples connected through a se- 
lector switch to a thermocouple potentiometer. Such 
temperature measurements are usually made while the 
train is at maximum speed, for which reason the vibra- 
tion problem is more severe than that encountered 
during resistance measurement. 


To eliminate the use of a conventional galvanometer 
such as is ordinarily employed with a thermocouple 
potentiometer, the type of electronic converter and 
balancing motor shown in Fic. 1 was employed for a 
visual indication of potentiometer balance. 


The balancing motor used in the self-balancing 
resistance bridge was arranged to be quickly disen- 
gaged from the driving unit; the extension of the motor 
shaft was equipped with a dial for indication of rotation. 
True potentiometer balance was indicated when the 
motor stopped rotating. Unbalance of the poten- 
tiometer was indicated by rotation of the motor, the 
direction of rotation indicating the direction of poten- 
tiometer unbalance. A selector switch was mounted 
on the panel supporting the balancing motor. With 
this switch, either the output of the resistance bridge 
or the thermocouple potentiometer could be selected 
and fed into the electronic converter. With this 
arrangement, thermocouple emf could be measured 
at any time irrespective of locomotive vibration or 
motion. 

Fic. 5 shows the connection diagram of the measur- 
ing equipment as used for a typical test. The armature 
yoke shown was applied by hand to each of two arma- 
tures in turn to measure armature-coil resistance.) 

Field tests with this equipment show it to be defi- 
nitely superior to any equipment previously available. 
Fast, accurate readings can be obtained without a 
complicated setup or specially trained personnel. 


(1)The test method details are given in AIEE Technical Paper 45-83 
““Measurements of Railway Motor Temperatures in Service,"’ by J. W. Teker. 
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“Clothespin Contact”... 


marks new advance in starter design 


No wiring from starter to bus necessary wit 
this new feature. Simply put the starter i 
place .... and the stabs automatically en 
gage the bus bars in quick, positive connec 


This compact centralized motor con: 
trol system permits you to put all of your control ir 
one spot—simplifies installation, interconnections 
and maintenance. Control centers are only 12 inche: 
deep, all wiring is front-connected so units may be 
placed back to back, in an 


“L“ shape or flush against 


the wall. 


All vertical sections are the same size, all starter units are 
proportionate. No special engineering is necessary to plan 
your own G-E control center. To make it even simpler—starter 
units for motors from 1 to 25 horsepower have the same over- 
all dimensions. 


NL Al iE ala ha SOE, 


30 GENERAL ELECTRIC REVIEW October, 1948 


tion. For emergency handling, the starter 
can be removed without de-energizing the 
power bus after a simple removal of the 


supporting bolts, 
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PLAN YOUR OWN G-E MOTOR CONTROL CENTER 


Contact our sales engineer at the nearest G-E office for copies of an easy- 
to-use planning chart—or write us for bulletin GEA-4979 which contains 
additional information. Apparatus Dept., Section 676-263, General Electric 


Company, Schenectady, New York. 
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SIMPLE CALORIMETER 


FOR MEASURING SPECIFIC HEAT 


By measuring heat input in terms of electric energy in convenient 
compact laboratory equipment, the specific heats of powdered 
solids and of liquids can be quickly determined with good accuracy 


By ROGER B. RICE 


Plastics Laboratory, Chemical Department 


General Electric Company 


N designing molds for fabricating plastic parts, and 
in many other problems involving the thermal prop- 
erties of plastics, it is desirable to know the specific 
‘ heats of these materials. The satisfactory determination 
of specific heat easily and quickly, using simple and in- 
expensive equipment, has long been a need in this and 
many other laboratories. This article describes the ap- 
paratus and techniques which were developed for that 
purpose in the Plastics Laboratory, and which permit 
the quantitative estimation of specific heat of many 
powdered solids with accuracy sufficient for design 
purposes, using very simple equipment and techniques. 
One determination can be made in about twenty minutes. 


Many excellent calorimeters which are suited to the 
measurement of heat capacity of poor conductors have 
been described in the literature. Representative of a 
very common type of instrument is that designed by 
Wilkes and Wood“ in which the increase in heat of 
a jacketed calorimeter cup is measured after introduc- 
tion of a heated specimen. Hill and Bell® describe 
some recent modifications in Wilkes’ design. Such an 
apparatus, although widely used, suffers from a num- 
ber of drawbacks. It involves the use of several heating 
coils and thermocouples, with the complexity of their 
associated control and measuring equipment. It requires 
a separate furnace for initially raising the temperature 
of the specimen, with the attendant difficulty of trans- 
ferring the sample from the furnace to the calorimeter. 
The total length of time required for a determination 
(five to eight hours) precludes its very frequent use for 
regular measurements. 

The familiar Bunsen®) ice calorimeter, a modern 
version of which is described by Ginnings and Corruc- 
cini,“) has many excellent features and is suited to 
very accurate determination, but likewise requires 
transfer of the specimen from an external furnace. The 


apparatus is fairly complex and requires skilled tech- 


nique for its proper operation. The time factor in mak- 
ing successive determinations is also appreciable, since 
an ice mantle must be frozen about the specimen 
chamber. 

A somewhat different type of calorimeter is described 
by Andrews.) It is spherical or cylindrical in shape, 
jacketed, and has numerous copper fins radiating in- 


This article is so paged that without mutilating other articles, it can be 
readily removed for filing as a group of full-size consecutive pages.—EpIToR 
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ward to transmit heat evenly to all parts of a powdere 
sample. It permits determinations in a relatively shon 
period of time (about ten minutes), and enables suc 
cessive measurements to be made on the same samp! 
without removal from the calorimeter. It is suitabl 
for good or poor conductors. However, it, too, is 

somewhat difficult piece of apparatus to construct, an 
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© 
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Fig. 1. Partial section of the simple calorimeter for specific: 
heat measurements 


requires the use of several thermocouples with the 
accessory equipment. . 

The operation of the calorimeter to be described di 
pends upon determining the total heat capacity of tk 
calorimeter plus the powdered sample suspended in 
contact liquid, and subtracting from this value tk 


(1) Numbered references are listed at the end of the article. ) 
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calorimeter constant and heat capacity of the contact 
liquid. The operation is carried out by measuring the 
heat input in terms of the electrical energy required 
to produce a measured increase in temperature of the 
system. 


THE EQUIPMENT 


The present equipment is shown partially sectional- 
ized in Fic. 1. It consists essentially of (1) a silvered 
dewar flask enclosed in a protective sleeve, (2) a 
Nichrome heating coil suspended within the flask, (3) 
a glass stirrer driven by a small constant-speed motor, 
and (4) a hardwood block which holds the heater sup- 
ports, stirrer, and thermometer in rigid alignment. 

The flask is an ordinary one-quart wide-mouth 
vacuum bottle about 7 cm inside diameter and 29 cm 
tall. It is encased in a section of thin rolled plastic 
tubing about 10.5 cm in diameter and 34 cm long, hav- 
ing a fitted wooden bottom. The annular space is filled 


c A 


. Electric circuit diagram for the calorimeter 


A: Calorimeter external-resistance switch 
B: Main switch 

C: Calorimeter heating coil 

D: External resistance 

E: Storage battery 

F: Wattmeter 


with beeswax which was melted and poured in around 
the flask. The sealed tip does not touch the bottom. 
This construction offers a little added insulation and 
provides considerable mechanical protection. This pro- 
tection is important since any replacement of the flask 
necessitates recalibration of the calorimeter. The top 
of the flask projects about 2.5 cm beyond the protec- 
tive sheath, and fits loosely into a matching groove in 
the block. 


The heating coil is made from No. 26 Nichrome wire, 
wound in a helix of about 0.8 cm diameter, and formed 
in a doughnut shape so that it fits into the calorimeter 
with about 0.3 cm clearance all around. On diametric- 
ally opposite sides of the doughnut are soldered 30-cm 
lengths of No. 12 B&S copper wire. The ends of these 
pass in a snug fit through holes in the wooden block 
and are brought out to binding posts. At the lower end 
of the assembly, below the coil, the wires are extended 

for about one inch each and are bent toward each other 
until the ends are separated by about 1 cm. The ends 
are then fitted tightly into holes in either side of a small 
block of thermosetting laminate. This construction adds 
considerable rigidity to the heater assembly. The con- 
ecting block is streamlined so that it offers minimum 
hindrance to downward flow of liquid from the stirrer. 
The resistance of the coil (two sides in parallel) is 
bout 2.2 ohms. : 
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Fig. 3. 


The calorimeter and accessories as set up in use 


The stirrer shaft is about 60 cm long and is formed 
from glass tubing 0.55 cm in diameter, selected for 
straightness. The glass paddle is double-bladed, 2.5 cm 
in diameter, and shaped so that its rotation causes a 
downward flow of liquid. At the point where the shaft 
passes through the wood support block there is a small 
ball bearing, fitted snugly to it by means of a rubber 
bushing. The top of the block is recessed slightly to 
receive the bearing. The hole in the block through which 
the shaft passes is considerably larger than the shaft 
and is not intended for any further support of the latter. 
The stirrer is driven by a small constant-speed motor 
and is coupled to the top of the shaft by a short length 
of heavy rubber tubing. The motor is operated inde- 
pendently of the remainder of the electrical equipment. 

The hardwood block, in addition to having the holes 
already mentioned, has also a hole through which 
passes a Beckmann thermometer in a close fit. A rubber 
washer around the thermometer prevents its sliding 
through the hole when assembled, and facilitates ver- 
tical positioning of the bulb. As has also been indicated, 
the lower face of the block is grooved to fit loosely over 
the lip of the flask, and rests on the top of the jacket. 

Electrical energy is supplied to the coil by a 6-volt 
automobile storage battery. The input is measured with 
a d-c wattmeter whose characteristics were specially 
designed for this particular application. A schematic 
diagram of the electrical circuit is shown in Fic. 2. 
The variable external resistance is so adjusted that its 
energy consumption is identical to that of the calorim- 
eter heater. 

The entire calorimeter assembly is so arranged (Fic. 
3) that the flask can be removed downward, by sliding 
out the shelf upon which it rests, without disturbing any 


eke 


other part of the setup. This feature greatly facilitates 
changing samples, and permits all the parts of the 
apparatus to remain in the same relationship to each 
other. This is an important consideration in obtaining 
consistent results. The variable external resistance, 
special wattmeter, and control switches can be seen in 
the lower righthand corner of Fic. 3. 


THE PROCEDURE 


Determination of Calorimeter Constant 


For measurements which are to be made at approxi- 
mately room temperature, a Beckmann differential ther- 
mometer is so set that room temperature reads approxi- 
mately mid-scale. The thermometer is placed in its 
proper hole in the support block, and the apparatus 


TABLE I 
Thermometer Wattmeter 
Time Min. Readings Readings Operations 
(Deg C) (Watts) 

Oe 5 AD SD, ©, Ca ee eee tn po eR Start timer 

0.5 X.XXX 

1.0 xX.XXX 

1.5 xX.XXX 

2.0 X.XXX 

2.5 MEOOX 

3.0 X.XXX 

SIO Seah eee DPS DN Ain ak Me cna Main switch ON: 
4.0 ».@,0.@.4 ext. resistance 
4.5 X.XXX 

BO een te Ae cease Bad Re eee (XX.XX)..Switch over to 
5.5 XX.XX calorimeter heater 
CME. AG ho ctdcrd oO Pei odes OG A OOO, | IMME Tn yas, altwel mC) 
6.5 X.XXX 

7.0 19 OOK 

tno xX.xX XX 

8.0 X.XXX 

8.5 XXX K 

9.0 X.XXXK 

9.5 X.XXX 

10.0 X.XXX 
10.5 X.X XX 

11.0 xX.X XX 
11.5 X.XXX 
UPA West ee utc hed es Steg 3 Ss, Groen aon Weare Finish readings 


entirely assembled except for the flask. The thermom- 
eter bulb, heater, and stirrer are arranged with re- 
spect to each other approximately as shown in Fa. 1. 
The bulb of the thermometer should be completely 
submerged in the calorimeter liquid when the appara- 
tus is assembled. 

About 450 gm of redistilled carbon tetrachloride, or 
an equivalent volume of other contact medium, slightly 
below room temperature, is weighed to the nearest 0.1 
gm into the flask. The height of the CCl, is noted, and a 
suitable gauge of stainless-steel strip or heavy wire is so 
constructed that the distance of the liquid level from 
the top of the calorimeter can be reproduced accurately 
in subsequent calibrations and determinations. 

The flask is assembled with the remainder of the ap- 
paratus, and its removable shelf slid in place to support 
it. After making sure that the stirrer shaft runs free 
and the paddle blades touch no part of the coil or 
thermometer, the motor is started and allowed to run 
about five minutes. At this time the thermometer 
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should read within the lower inch of its scale. It can be 
adjusted upward by closing the switches connecting the 
battery with the heating coil for a moment or two, then 
allowing another five minutes or more to elapse. 

The single-pole double-throw switch is now thrown 
to the external-resistance side. A strict time schedule 
of thermometer and wattmeter readings is then begun, 
using a stopwatch or electric timer. Table I illustrates 
the observations made and operations performed in a 
typical calibration or measurement run. 

Since at the exact moment the calorimeter heater is 
turned on, the wattmeter needle may be shifting (due 
to the changing of the circuits), the wattage value 
indicated in parenthesis in Table I is derived by extra- 
polation of the two or more succeeding values. If the 
external resistance is set to exactly equal that of the 
calorimeter heater, and the change of circuits is accom- 
plished rapidly, it should be possible to read the value 
directly. The energy input is computed by averaging 
the wattage figures obtained. 

The net temperature increase of the system is ob- 
tained graphically by plotting on the same sheet the 
temperature readings obtained before and after the 
heating period, extrapolating the straight-line portions 
of each series to halftime (based on the period the 
heater was ON) and reading the temperature increment 
at that point. A typical plot is shown in Fie. 4. 

The general calculation for determining the calorim- 
eter constant is as follows: 


K= —We (1) 


where 


K=calorimeter constant (gm cal C~) 
P=average energy input (watts) 

t=time (seconds) 

6=temperature increase (C) 
W =weight of CCl, (grams) 

c=specific heat of CCl, (gm cal gmC~) 


The factor 4.185 is a probable value of the electrical 
equivalent of heat in International joules per cal.” 


Measuring Specific Heat of a Sample 

The specimen whose specific heat is to be measured 
should be in the form of a powder, 40-mesh or finer. 
(It is desirable either to dry it thoroughly before a 
determination, or to know its free moisture content 
so a suitable correction can be made if desired.) 

About half the quantity of contact liquid normally 
used in a test is introduced carefully into the tared 
calorimeter flask. Thirty to fifty grams of the powdered | 
sample, depending upon its bulk density, is. now 
weighed to the nearest 0.1 gm into the flask, followed 
by a quantity of contact liquid just sufficient to bring 
the liquid level to the same point as in the calibration. 
The total weight of the calorimeter and contents is 
determined to 0.1 gm and the weight of the contact 
liquid obtained by subtracting the weight of the 
calorimeter. 


The calorimeter is assembled, and the same procedure 
followed as described under ‘‘ Determination of Calorim- 
eter Constant.’’ The energy input and 6 are calculated 
as previously shown. The general expression for deter- 
mination of the specific heat is as follows: 


ANE AI 
“TREO (2) 
(Ge A ES, 
S 
where the terms c and K common to the calibration- 


calculation Equation (1) are the same, and where P, t, 6, 
and W have values specific for a determination in which 


Cs=Specific heat of sample (gm cal gm~! C~!) 
S =Weight of sample (grams) 


THE RESULTS 


Calorimeter Constant 


The calorimeter was calibrated using carbon tetra- 
chloride, whose specific heat of 0.200 gm cal gm C-! 
is taken as the average of the value of 0.201 from 
Lange) and 0.199-0.200 from the ICT®) at ordinary 
room temperatures. The procedure was as previously 
described, and values of calorimeter constant were 
calculated from Equation (1). Three determinations 
on two different days gave figures of 26.5, 26.4, and 
26.6 gm cal C~. The reproducibility is satisfactory for 
the purpose of this work. 


Determination on Standard Material 


To check the accuracy of determination, a suitable 
standard material whose specific heat was accurately 
known was sought. It should be available in powder 
form, be nonhygroscopic, be insoluble in the contact 
media being used, and have a moderately low specific 
gravity. 

Ginnings and Corruccini@) have made extensive 
studies on pure aluminum oxide, and have concluded 
that it would be an excellent material for such a stand- 
ard. They determined its specific heat accurately over 
a wide temperature range, and found it to have a value 
of 0.1868 gm cal gm! C-! (by interpolation) at 27.5 C, 
the average temperature at which determinations in 
this work were made. 

Two runs using this standard, with CCl, as the con- 
tact medium, yielded values of 0.187 and 0.187. While 
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Fig. 4. Plot of temperature-time readings in typical determination 
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these are in excellent agreement with the value derived 
from Ginnings’ and Corruccini’s work, the curves from 
which @ were computed indicated that temperature 
equilibrium was being reached quite slowly following 
the heating period, thereby requiring excessive extra- 
polation of the straight-line portion of the cooling 
curve. Fic. 5 is a plot of the data from one of these 
runs, and shows clearly the time lag in the transfer of 
heat uniformly to the sample. 


100 
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Fig. 5. Plot of temperature-time readings showing the lag in reaching 
steady state 


Suspecting that the density of Al,0; (about 4.0) was 
enough greater than that of CCl, (about 1.6) that poor 
agitation was resulting, a contact liquid of higher 
density was tried. Bromoform (sp. gr. 2.9) seemed 
promising, although the quantity on hand was not 
enough to fill the calorimeter sufficiently. Carbon 
tetrachloride was mixed with the bromoform until the 
volume was enough for a determination. The specific 
heat of this mixture was then determined, using the 
calorimeter constant previously established. Values of 
0.134, 0.133, and 0.134 gm cal gm C~! were obtained. 


Using an average figure of 0.134 for the specific heat 
of the contact medium, two more determinations on 
Al,O3 were made, giving values of 0.187 and 0.185. In 
these cases the steady-state curves exhibited no signs of 
excessive time lag in reaching equilibrium, and approxi- 
mated very closely the shape of those shown in Fie. 4. 


FURTHER CONSIDERATIONS 


Choice of Contact Medium 

Considerable experimenting was carried out in at- 
tempting to decide what liquid would be suitable for a 
contact medium. Water was an obvious first choice, but 
suffered from having a very high specific heat of its 
own and in failing to wet most of the plastic materials 
on which specific heat data were desired. In addition, 
its specific gravity was quite low relative to many of 
these materials, leading to poor agitation of the sample 
with the adverse effects indicated. 

Carbon tetrachloride was finally selected because of 
its greater density, its good wetting characteristics, 
low specific heat, and the fact that the latter value is 
well known, making it possible to calibrate the calorim- 


(Concluded on next page) 
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eter with the same liquid. As mentioned, the calorim- 
eter may be used to determine the specific heat of 
other liquids, which may serve as contact media where 
other characteristics such as density may make them 
more desirable. 


Evaporation Loss 

With volatile liquids such as CCly, appreciable 
evaporation may take place during a run. The loss in 
weight (usually amounting to about a gram) was cor- 
rected for by weighing the calorimeter after each run 
as well as before. The calculated average weight of 
contact medium was then used in computing the results. 


The rate of heat loss due to the latent heat of 
evaporation of the liquid was assumed constant 
throughout each half of a run and is compensated for 
in the plot of the steady-state curves. Actually, the 
rate may increase slightly during the period the heater 
is on, but the difference is considered negligible. 


External Resistance 


Originally the electrical circuit for the calorimeter 
provided only a single switch between the battery and 
heating coil. It was soon found that an initial surge took 
place when the switch was turned on, this being fol- 
lowed by a gradually changing rate of energy input 


Complete specifications on more than 50 different types 
and sizes of miniature ball bearings — including most 
recent developments on weights, loads, design data, 
applications and special bearings. Information every 
engineer should have. 


Write today for your copy of this completely new en- 
larged catalog just issued. Ask for +49 G 
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for a period of thirty seconds or more, making any 
accurate determination of the average energy con- 
sumption impossible. An external coil of exactly the 
same ohmic resistance as the heater was therefore 
introduced, and switched on about a minute before 
the calorimeter was supplied with energy. This allowed 
time for a steady state to develop in the electrical 
circuit so that, during the heating period, the wattage 
drop (if any) was linear. A much better estimation of 
the average energy consumption was thus made possible. 


Determinations at Other Than Room Temperature 


While studies at other than room temperature have 
not yet been made with the apparatus described, it 
would seem quite feasible to thermostat the calorimeter 
and make determinations either above or below room 
temperature, the range being limited only by the 
characteristics of the calorimeter materials and con- 
tact media and by the technical and practical aspects 
of temperature control. 


General 


While the values for calorimeter constant and specific 
heat of contact medium and standard material are not 
selected in the sense that ‘‘good’’ values were presented 
and ‘“‘poor’’ were discarded, all from the same series, 
much data have preceded which were not at all com- 
parable in precision or accuracy. One of the major 
factors in making possible results of the precision indi- 
cated for the described equipment has been the careful 
control of many variables, so that they are reproducible 
and can be compensated for in calibration of the in- 
strument and plotting of the temperature data. 

Further work will evaluate the ultimate precision 
of the method, and will determine the conditions neces- 
sary to handle a wide variety of materials. The figures 
presented merely demonstrate a good probability that 
the equipment and techniques have definite value in 
determining specific heat with sufficient accuracy for 
design purposes. 


CONCLUSIONS 


A simple, inexpensive, and easily operated calorim- 
eter for the measurement of specific heat of powdered 
solids, particularly plastics, has been described. It is 
also adapted to the measurement of the heat capacity 
of liquids, and it permits a determination with an ac- 
curacy of approximately one percent in a period of about 
twenty minutes. 
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OOLING RUBBER MILL ROLLS is only one of the 

many ways in which General Electric heat 
transfer equipment is speeding production, help- 
ing to maintain quality for American industry. 

In precision machining of huge gears, for in- 
stance, G-E refrigeration equipment prevents di- 
mensional distortion due to temperature changes. 
In many quality control laboratories G-E air con- 
ditioning holds temperature and humidity at a 
constant level. 

These and many other money-saving, produc- 
tion-boosting uses of General Electric equipment 
are discussed in the free book ‘‘New Industrial 
Dimensions.”” Send the coupon today . . . or 
contact your General Electric Contractor, 
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Industrial Refrigeration and Air Conditioning 


“New Industrial Dimensions” de- 

_ scribes 17 important applications 

++ gives photos and diagrams 
basic heat transfer methods. 
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Bloomfield, N, J. 
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OPTICALLY CORRECTED CELLS ... 


Usefulness of light-measuring instruments expanded by use 
of new filters and by lenses laminated to surface of the 
cell. Both these innovations aided also in the develop- 
ment of low-range and multi-range precision light meters 


By G. B. BUCK, II 


Engineering Division, Lamp Department 


General Electric Company 


HE basic significance of instruments has long been 

recognized in guiding research, in establishing 
developmental procedures, and in controlling produc- 
tion processes. Yet there remains another field of service, 
not as commonly recognized but frequently of im- 
portance. This opportunity lies in the use of instru- 
ments designed to guide the application of products and 
techniques. When properly designed and used, such 
instruments may become ‘‘catalysts”’ in the commercial 
as well as the technological development of an industry. 
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Fig. 1. Trend of annual U.S. large lamp sales prior to and after develop- 
ment of the light meter. The curve for the light meter is cumulative, repre- 
senting the total number of instruments being used in lighting promotion 


THE LIGHT METER 

The widely used pocket light meter is an outstanding 
example of an instrument designed to guide the applica- 
tion of a product, in this case, of lamps and lighting 
techniques. The phenomenal growth of the 70-year-old 
lamp industry has been facilitated during the past 
fifteen years in no small measure by the low cost and 
dependable instrumentation provided by the light 
meter. Fic. 1 shows a striking parallel between upward 
trend of lamp usage and the cumulative totals of meters 
through the years. 

Of course many other factors, for example new and 
improved products, progressive price reduction policies, 
new knowledge as to light and vision, and current eco- 
nomic trends have also played major roles in the lamp 
business. Yet the part played by this instrument has 
been significant as a basic tool in creating a quantitative 
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CE FEES 


interest in lighting and a desire for improvement, in 
establishing the effects of environmental factors, and in 
guiding lighting practice at the point of application. 

Frequently, design connotes compromise. The partic- 
ular design features which originally fitted the light 
meter so well for its job include: 


Minimum cost 

Maximum dependability 

Small size and simplicity 
Reasonable sensitivity and precision 


TABLE I 


CORRECTION FACTORS FOR SELENIUM PHOTO. 
VOLTAIC CELLS* UNDER VARIOUS LIGHT SOURCES 


Source Color Correction Factor 


2700° K 
2800 
2900 
3000 
3200 
3400 


White (3500°) 

45 White (4500°) 
Daylight (6500°) 

Soft white (A)** 

Soft white (B) 
Photocolor 

Warm white (2800°)*** 
Blue-white (RF) 
Industrial white (RF) 
Blue 


Incandescent 


Fluorescent 


Mercury 


-6 (Quartz jacket) 
(Glass jacket) 


AWONSCAWAaLE NONWSUNADONNOUANE ER PONWOOO 


UA-4 
Germicidal (18T8) 
NA-9 


15-mm tubing at 30 ma 
Hot-cathode (C-H) 
Glow lamp 


Cerium-cored (50 v, 60 amp) 
Low Intensity (140 v, 14 amp) 


Sodium 
Neon 


Carbon are 


re) 
fo) 
Qu 

SS FSS F SSSSrSS9999 SorSoHsooHrsSSooSor SSoDor 


win Ooo w& & ° tt >: © O¢ 
See S Shee as “ID co COMmNOPRPRANNONOMMDOO OOO fon 


- 0 


* Computed for G-E Light Meters of current production, from most recent 
data available on spectral emission of sources. ; 
** Soft White (A), made prior to April 1948; (B) made after April 1948. 
*** Color discontinued in 1944. 
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RELATIVE RESPONSE (PER CENT MAX.) 


WAVELENGTH = 


ANGSTROMS 


Fig. 2. Spectral sensitivity of present-day ‘‘average’’ light-meter cells 
(solid curve) and the average (International Commission on Illumination) 
human eye (dotted curve) 


The relative importance of each of these factors may 
vary from one set of conditions to another, and from 
time to time. But the importance of the items of low 
cost and dependability can scarcely be over-emphasized 
in an instrument for widespread use by lay personnel. 


SOLOR CORRECTION FOR FLUORESCENT LIGHT 


Nevertheless, ‘‘nothing is constant except change”’ 
and the establishment of the fluorescent lamp as a 
general illuminant has markedly affected the design 
requirements for the light meter. First, the present 
nstrument was designed in an era when only one type 
of artificial illuminant, the incandescent lamp, was in 
sommon use. Thus, although the response of the sele- 
lium cell to various wavelengths differs from that of 
the average human eye (Fia. 2) the instrument could be 
alibrated under incandescent lamps and the calibra- 
ion remains valid so long as the meter is used under 
ncandescent lamps. The fact that the instrument would 
lot read correctly under natural lighting was trouble- 
some but was tolerable since natural lighting in in- 


REFLECTANCE (PER CENT) | 


POLARIZED 
PERPE NDICULAR =, 
— ——s- 

/ 


POLARIZED 


LLEL 
4 —___ 
Pa 


UNPOLARIZED 


ANGLE OF INCIDENCE (DEGREES) 


Fig. 3. Reflectance of light at various angles of incidence upon a surface; 
for example, glass or plastic of index of refraction of 1.490, in air 
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teriors is usually but a small proportion of the whole. 
However, the widespread use of fluorescent lamps, which 
differ greatly from incandescent in spectral emission, 
means that light-meter readings under these sources 
may be grossly in error. True, correction factors can be 
computed or measured for each of these sources, as in 
Table I. However, the mere need for such factors may 
lead to errors in use and undermine confidence in the 
instrument—and there are practical difficulties in 
keeping a list of correction factors at hand and then 
converting all readings to true values by computation. 

To meet present-day conditions, color correction 
becomes a design requirement. Fortunately, the cell 
response covers a wider spectral range than the eye 
so that it becomes a relatively easy matter to design a 
filter to reduce the relative cell response to closely 
match the eye at all wavelengths. Through the use of 
such filters, the errors due to spectral differences be- 
tween the measured and calibration sources are reduced 
to negligible proportions. 


REDUCTION OF ERROR CAUSED BY SURFACE REFLECTION 


A second type of error, that due to light reflection 
from the surface of the cell, has long been recognized 
as a limitation of all instruments for the measurement 
of light. All surfaces, whether that of a light-sensitive 
cell or of a diffuse test plate used with a visual pho- 
tometer, have the property of reflecting a greater 
proportion of the incident light as the angle of incidence 
becomes greater. The theoretical concepts were de- 
veloped by Fresnel and show that the state of light 
polarization, the indices of refraction of the surface, and 
surrounding media are the other factors involved. 
Fresnel’s equations may be written as follows: 


For light polarized perpendicular to plane of 
incidence: 


Mili sie (ee) 
~ Ty) sin? (¢+r) 
where R =fraction of incident light reflected 
I =intensity of reflected light 
Io =intensity of incident light 
t =angle of incidence 
r =angle of refraction 


For light polarized parallel to plane of incidence: 
a) tan’ (i—r) 

~ I) tan? (i+r) 

Thus, for unpolarized light, which may be con- 


sidered as one-half polarized in each plane: 


_ isin? (t—r) 1 tan? («—7) 
~ 2 sin? (i+r) 2 tan? (i+r) 


For the practical case of a piece of glass or plastic 
in air, measurements and theory show light reflectance 
to vary with the angle of incidence, as indicated in 
Fic. 3. Hence, one would expect the light-sensitive 
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COLOR CORRECTED 
CELL | 


RELATIVE RESPONSE (PER CENT) 


ANGLE OF INCIDENCE (DEGREES) 


Fig. 4. Relative response of light meter (solid curve) and a cell color- 
corrected with glass filters (dotted curve) to light at various angles of inci- 
dence. Theoretically perfect angular response is given by the cosine curve 
(dashed curve) 


Fig. 5. Vector diagram illustrating Lambert’s Cosine Law. The horizontal 
surface illumination is the product of the beam intensity and the cosine 
of the angle of incidence 4 


cell to have reduced response at grazing angles of light 
incidence. Furthermore, one might expect that covering 
the cell with a protective layer of glass or with color- 
correcting filters would further lower the relative 
response at wide angles, due to light reflected from 
these-additional surfaces. Studies presented in Fic. 4 
have revealed that this is exactly what happens. The 
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dashed line is the theoretical cosine curve, whi 
should be matched by relative cell response because tl 
horizontal component of the light intensity is tl 
product of the beam intensity and the cosine of tl 
angle of incidence, Fie. 5. 

When the variation from the cosine curve is plotte 
in terms of percent error, we may summarize as 
Fic. 6 the optical performance of the light meter 
to color and angular response. 

Since the light losses were seen to be due chiefly » 
surface reflections, it became obviously desirable 
study the effect of eliminating the surfaces by lar 
inating lenses to the ceil. After a number of trials, 
lens shape was designed to substantially correct f 
the remaining surface and filter losses, and that r 
sulted in the improved instrument shown in FIG. 
It will be noted that the laminated cell is somewh 
over-compensated in one plane and under-compensat« 
in the other. The necessity for this arises from tl 
asymmetric shape of the rectangular cell and yet tl 
need for a continuous lens surface for ease of manufa 
ture and maintenance. The lens was so designed thi 
the errors tend to compensate under the usual lighti1 
condition wherein light is incident on the working su 
face from many angles. 


LOW-RANGE AND MULTI-RANGE PRECISION METERS 


The optical accuracy of the improved light meter 
now well within the 5 to 10 percent figure whi 


Fig. 6. Summary chart showing 
present light meter, its spectral 
response compared to that of the 
eye, and its angular errors com- 
pared with values given by the 
cosine law 
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Summary chart of the new light evaluator, its spectral response compared to 


that of the eye, and its angular errors compared with values given by the cosine law 


suffices for a pocket instrument. However, the potential 
improvements through the laminated-cell construction 
were So great as to lead to the development of two new 
precision instruments, one for very low intensities 
and the other for a wide range of incident flux. To 
approach a perfect cosine response, a symmetrically 
shaped cell was needed; and the size selected was 4 in. 
in diameter in order to achieve full-scale deflections, 
for street-lighting and other important low-intensity 
applications, with only one footcandle or less. A simple 
lens was developed and the angular response is that of 
the cosine law within usual error of measurement. 

Fic. 8 shows the new low-range precision light meter 
and its angular-response characteristics. The earlier 
multicell diffusing-plate light meter is shown in Fie. 9. 
The sensitivity of the new meter is 100 times that of 


Fig. 8. 


brated without a filter for maximum sensitivity 
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The new Low-Range Precision Light Meter, its spectral response 
with and without filter compared to that of the eye, and its angular errors 
compared with values given by the cosine law. The instrument is cali- 
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the pocket meter and 50 times that of the multicell 
meter. Correction factors may be used for sources other 
than incandescent, or a hemispherical filter may be 
placed over the cell and the filter factor used to convert 
scale readings to true footcandles. Since this is an instru- 
ment that ordinarily will be used by skilled technicians, 
the former procedure may be preferred. 

For conditions where color correction is needed, a 
multirange precision light meter has been developed 
to utilize the same 4-in., circular, laminated cell. The 
hemispherical plastic filter provides color correction 
without appreciably changing the angular-response 
characteristics, Fic. 10. It is interesting to note that 
much-improved color and angular responses have been 
attained with about 14 times the optical efficiency of the 
earlier instrument. 


(PER CENT) 


ERROR 


LOW RANGE PRECISION LIGHT METER 
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Fig. 9. The earlier multicell diffusing-plate light meter, its spectral re- 
sponse compared to that of the eye, and its angular errors compared with 
values given by the cosine law 


Fig.10. The new Multi-range Precision Light Meter, its spectral response 
compared to that of the eye, and its angular errors compared with values 
given by the cosine law. The instrument is calibrated with the hemis- 


pherical filter in place 
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SUMMARY 


A new technique of laminating lenses to the surfa 
of light-sensitive cells has provided the means for 
marked improvement in cell response for light at grazii 
incidence. This development, combined with new cole 
correcting filters of higher transmission, forms the ba: 
of design for several new instruments. These inclu 
specifically: a new pocket light meter, corrected f 
color and angle of light incidence; a low-range precisi« 
light meter, with full-scale deflection of 1 footcand 
on one scale and'5 footcandles on the other, and wi 
nearly perfect cosine response; and a multiscale pr 
cision light meter which includes a hemispherical cole 
correcting filter and has three sensitivity ranges: 0 
10, 0 to 100, and 0 to 1000 footcandles. 
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MALLORY ORIGINATED 
ELKONITE* METALS-— 


and only Mallory has the years of 


| 
f 


LKONITE is the registered trade mark for a series of metals originated by 
Mallory which derive their effectiveness from the skillful compounding 
that Mallory has developed through many, many years of pioneering in the 


field of powder metallurgy. 


Elkonite metal proved so dependable under the most severe conditions that it 
quickly became standard on most heavy duty circuit interrupting equipment. 
It also proved indispensable in the field of resistance welding and in countless 


applications requiring its particular characteristics. 


The success of Elkonite metal is so well established that the trade mark has been 
mistakenly applied to materials that. are sold with the implication that they will 


match the performance of true Elkonite metal. 


Mallory has made true Elkonite metals for years. Only Mallory can guarantee 
the correct formulation that gives hardness, high electrical conductivity, resis- 
tance to mechanical wear and to sticking and erosion by arcing—the qualities 


that have made the word Elkonite a symbol of dependability. 


ONLY MALLORY MAKES AND SELLS GENUINE ELKONITE METAL 


*Reg. U.S. Pat. Off. 


MALLORY eiscreicas 
CONTACTS & CONTACT ASSEMBLIES 


P. R. MALLORY & CO., Inc., INDIANAPOLIS 6, INDIANA 
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MICRODETERMINATION OF 


OIL CONTENT IN PETROLEUM GREASES 


Extracting minute representative samples of grease from 
bearings in service and quickly applying test procedure 
gives a reliable indication of condition of the grease 


By A. E. BAKER, Jr. 


Thomson Laboratory 
General Electric Company 


OR engineering investigations of grease lubrication 

and greases, it became necessary to develop a new 
method of analysis so that small amounts of grease of 
the order of 50 to 100 milligrams—an amount that can 
be removed on a pencil tip—could be analyzed for 
its oil content. A procedure of this nature thus makes 
it possible for the engineer to follow in detail the de- 
terioration of grease in used or failed bearings. At any 
time during the operation of a motor, a shutdown of a 
few minutes is ample time in which to extract the 
minute sample. This will in no way disturb the grease 
or its continued operation in the bearing. The micro- 
analysis of the minute samples of grease taken period- 
ically will reveal the oil content at any time during the 
life of the lubricant. 


PROCEDURE 


Weigh out approximately 100 mg of grease on a glass 
rod, handling with cork-tipped tweezers as shown in 
Fic. 1. Weighings can be made on a good analytical 
balance. Remove the rod from the holder and smear the 
grease around the inside of a double-thickness micro 
Soxhlet fat-free paper thimble. Leave the rod in the 
thimble and insert the thimble into the micro Soxhlet 
extractor. Add 15 milliliters of C.P. benzene to a tared 
extraction flask and assemble the apparatus as shown 
in Fic. 2. Extract over a water bath for approximately 
one hour; then remove the extracting flask and 
carefully evaporate the benzene over the same 
water bath. 


To the extracted oil in the flask, add 15 ml of 0.05N 
alcoholic potassium hydroxide, and reflux for one hour. 
Filter the oil-alkali solution through a Whatman No. 
41H filter paper into a 60-ml separatory funnel. Rinse 
the flask two or three times with 10-ml portions of 
petroleum ether, adding the washings to the funnel. 
Wash the filter paper with 5 ml of petroleum ether. 
Add 10 ml of 50 percent ethyl alcohol to the separatory 
funnel; shake vigorously one to two minutes, then draw 
off the alcoholic layer. If separation does not occur with- 
in a few minutes, add 44 to 1 ml of 95 percent ethyl 
alcohol. Repeat washing with 50 percent ethyl alcohol. 

The combined alcohol washings are then placed in a 
second separatory funnel. Rinse the flask with 10 ml of 


This article is so paged that without mutilating other articles, it can be 
readily removed for filing as a group of full-size consecutive pages.—Ep1Tor 


rv 


GENERAL ELECTRIC REVIEW 


Q €. Bake Ly. 


petroleum ether and add this to the alcohol washings; 
shake vigorously and allow layers to separate. The 
addition of 95 percent ethyl alcohol will aid separation. 
Draw off the alcoholic layer and discard. The petroleum- 
ether layer is added to the original petroleum-ether 
solution which is then, finally, washed three to four times 
with 10-ml portions of 50 percent ethyl alcohol. Shake 
vigorously before drawing off the alcohol layers, and 
discard the alcohol washings. 


The petroleum-ether layer is then drawn off into a 
previously weighed micro Soxhlet extraction flask 
(dried at 100 C). Wash the separatory funnel with a 
few milliliters of petroleum ether and add to the ex- 
traction flask. Carefully evaporate the solvent over a 
water bath. Wipe the flask dry. The addition of a small 
amount of strong ethyl alcohol to the flask will aid in 
evaporating any water. Dry in an oven at 100 C for 


Fig. 1. 


Equipment for handling grease samples 


approximately one-half hour. Cool in a desiccator and, 
finally, weigh the extraction flask. The resulting differ- 
ence in weight of the flask, plus contents, multiplied 
by 100, and divided by the weight of the grease sample 
taken, gives the percent oil content of the grease. 


COMPARISON WITH MICROANALYSIS 


Table I shows a comparison of results obtained by 
the ASTM macro test (128-40) and the new micropro- 
cedure to actual values of the percent oil in test greases. 

Because some greases do not contain a large excess 
of fat and fatty acids, it is possible to apply a single 
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TABLE I 


COMPARISON OF ASTM 128-40 AND MICRO- 
PROCEDURES FOR OIL CONTENT 


Test Grease Vendor's Analysis ASTM 128-40 Microanalysis 
(Percent) (Percent) (Percent) 
1 82 81 80.1 
2 79 80.5 80.14 
3 83 79 82.35 
4 76 79.5 76.7 
5 71 70.25 72.0 
6 78 70.3 77.25 


microextraction without saponification. Results are as 
shown in Table IT. 


TABLE II 
OIL CONTENT DETERMINED BY MICROEXTRACTION 


Test Grease Microanalysis 


(Percent) 


Vendor’s Analysis 
(Percent) 


78.9 if 
4 76 76. 


“Ni 


A further check on the accuracy of the micro method 
was to analyze samples of grease that’had_ been ‘sub- 
jected to a long-time bleeding and evaporation test 
similar to that outlined in Army-Navy Aeronautical 
Specification AN-G-3. The particular grease was 
maintained at 75 C for 6500 hr. Table III shows the 
results. 


TABLE III 


OIL CONTENTS OF BLEEDING AND EVAPORATION 
TEST GREASE 


Test Grease Computed Microanalysis 
Percent Oil Percent Oil 
1 Gio 79 
76.8 77.6 
77.2 78.2 


The results listed in Tables I to III thus indicate 
that the microprocedure is an accurate and reliable 
method for determining the oil content of greases. 


APPLICATION 


During the past year, the microprocedure for the 
determination of percent oil in petroleum greases has 
been applied to the analysis of used greases taken from 
failed bearings in functional bearing grease testers. 

Because drops of free oil can exist in the bearing, as a 
tesult of bleeding and working of the grease while 
lubricating the bearing, it is important that samples 
taken are as nearly representative of the grease in the 
bearing as possible. Thus, in each instance the minute 
—_— 


__ (1)*Life Measurement of Ball Bearing Grease,’’ by Dr. D. F. Wilcock, 
NERAL ELeEctrRIic REviEw, Oct. 1947, p. 37. 
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samples were extracted from a point nearest the balls 
and race of the failed bearing and preferably at the top, 
since the free oil may run down to the bottom side of 
the bearing, forming a pocket of oil after shutdown. A 
sample taken on the bottom side, of course, would give 
erroneous results. It is possible, too, that drops of oil 
may be trapped on the sides and top of the bearing, 
but it is believed that samples taken from such locations 
more nearly represent the true condition of the grease. 


Fig. 2. 


Micro Soxhlet extraction and saponification apparatus 


The data in Table IV are the results of the periodic 
testing of two greases run in functional grease testers 
operating with No. 306 deep-groove radial ball bearings 
at 100 C and 3600 rpm. 


TABLE IV 


OIL CONTENT OF GREASES vs. OPERATIONAL 
HOURS IN GREASE TESTERS 


Grease No. 2 Grease No. 4 


Operational Percent Oil Operational Percent Oil 
Test Hours Test Hours 
123 75.8 247 64.9 
181 77.0 340 57.3 
269 72.0 587 25.6 
293 69.9 676 28.3 
550 77.5 670 41.5 
710 72.6 1260 39.0 
725 73.0 
789 70.2 
2072 64.7 
2929 62.8 


The data exhibited in Table IV show that the 
gradual decrease in percent oil of the grease is reason- 
ably consistent with the increasing number of opera- 
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tional hours. However, the importance of obtaining a 
fairly representative test sample each time can not be 
overemphasized. It is obvious from the oil contents 
obtained on grease No. 4 in Table IV that the grease 


TABLE V 


OIL CONTENT vs. OPERATIONAL HOURS ON 
GREASE NO. 8 


Percent Oil Operational Hours 
78.9 150 
f(s: 3800 
75.2 450 
68.3 600 
65.4 750 
65.8 900, 
69.5 1050 
68.9 1350 
67.2 1500 
61.0 2250 
60.9 2550 
60.7 3150 
63.4 3750 


samples were not truly representative. The general 
trend nevertheless still exists. 

It is the practice at the present time to determine 
percent oil on all greases after bearing failures in the 
grease testers. The results of several tests on grease 
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No. 8 indicate that bearing failures occurred when th 
oil content reached values between 50 and 60 percent 
It was further ascertained that these failures were dui 
to grease breakdown and not to some mechanical cause 
Thus, with this information available on grease No. & 
a test was run under the same operational condition 
with periodic oil tests being made to determine whethe 
it might be possible to predict failure of the bearing. / 
tabulation of these data is given in Table V. 

Thus, from the data in Table V, one would expect | 
bearing failure to occur shortly, since the oil content a 
3750 hr was approaching the critical range of oil con 
tent at which previous failures of grease No. 8 ha 
occurred. Actually, however, the failure occurred a 
4376 hr. Thus there appears to be a possibility o 
determining bearing failure due to grease breakdow1 
provided the oil content characteristics of the grease fo 
particular operational conditions are known. 


CONCLUSION 

For many years, samples of oil have been taken fron 
steam turbines and analyzed for neutralization number 
and resistance. As | 
result of the large amount of accumulated: data, it i 
now possible to approximate the useful life remainin; 
in the turbine oil. Comparatively, however, there i 
little data microdetermination o 
percent oil in used bearing greases, and it is realized als 
that grease lubrication of ball bearings is an exceeding] 
complex problem involving many factors; nevertheless 
it is somewhat gratifying to learn from preliminary 
investigations that there may be a possibility o 
determining the useful life remaining in a grease fron 
a knowledge of the oil content. Compilation of futur 
data will prove or disprove this hypothesis. To establisl 
the correlation surmised in this investigation, th 
are thus (1) % 
knowledge of the oil content of greases at failure fo 
any particular operating conditions; and (2) the ex 
traction of a representative sample of the test grease. 


oxidation 


available on the 


necessary : 


APPENDIX 
The properties of the several greases used in thi 
investigation are listed in Table VI. 


TABLE VI 
GREASE PROPERTIES 


No. 1 No. 2 No. 3 No. 4 No. 5 No.6 No.7 No % 


Properties Soda Soda Soda Soda Soda 


Soap Base Lime Lime Lime Soda Lime Lime Lime Soda 


Percent Soap 18 21 17 25 29 22 22) am 
Percent Oil 82 70 88 76 1.78" 9780 

Viscosity of Oil SUS 
at 100 F 150 300 400 308 700 312 2838 300 
Melting Point F 228 347 345 370 374 219 316 450 
ASTM Penetration 297 285 339 197 230 187 278 285 
October, 194! 


GAMMA-RAY STUDIES... . 


Spectrum analysis and absorption measurements. New laboratory 


setup uses betatron, Geiger counters, special auxiliary equipment 


By J. L. LAWSON 


Research Laboratory 
General Electric Company 


N MAKING use of the gamma radiation from high- 
energy particle accelerators for quantitative meas- 
urements in nuclear research, it is usually necessary to 
know the spectral distribution of intensity. The experi- 
mental determination of the spectral distribution of 
gamma rays is a problem of considerable complexity. 
Spectrum analysis involves two phases, namely, 
(a) the separation of the frequency (energy) compo- 
nents of the beam, and (b) the measurement of the 
intensities of these components. 


SEPARATION OF FREQUENCY COMPONENTS 


Dispersion by a crystal lattice is impractical because 
of the extremely low angular separation at gamma-ray 
frequencies. It is possible, however, to utilize secondary 
effects for sorting out the various energies. The two 
phenomena that are available for this purpose are the 
Compton effect (scattering of x-rays by electrons) and 
pair production (the conversion of a gamma-ray photon 
into an electron and a positron). The use of the Comp- 
ton effect is complicated by the fact that the energy of 
the incident quantum is divided between the recoil 
electron and the secondary quantum. Since the latter 
cannot readily be measured, this process does not lend 
itself to spectrum analysis. In pair-production, which 
occurs in the electric field of an atom, virtually all of the 
energy of the gamma-ray quantum appears in the sec- 
ondary particles and hence can readily be measured. The 
gamma-ray frequency may be obtained from the relation 


[ie =O Wo C+E,+E, 


where mp) =rest mass of the particles 
FE, =kinetic energy of electron 
E, =kinetic energy of positron 
y =frequency of gamma ray 
c =velocity of light 
h =Planck’s constant 


Pairs may be produced by bombarding a thin target 
with the beam of gamma rays. It is then necessary to 
separate the particles according to their energies. This 
may be accomplished by deflecting them in either a mag- 
netic field or an electrostatic field. For practical reasons, 
at high energy the former is more satisfactory. When a 
magnetic field is applied at right angles to the direction 
of an incident gamma ray, the secondary electrons are 
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deflected to one side and the positrons to the other. The 


kinetic energy of a particle is then determined from the 
magnitude of its deflection and the strength of the field. 


MEASUREMENT OF COMPONENT INTENSITIES 


The second aspect of spectrum analysis is the meas- 
urement of the intensities of the components after they 
are separated. This involves counting the relative 
number of pairs in equal energy intervals corresponding 
to different energy values. The number of pairs per 
energy interval (frequency interval) plotted against 
the energy gives the pair-production spectrum. Using 
the relative probability for pair formation as a function 
of energy (the cross section), one can calculate the inten- 
sity spectrum from the pair distribution. 


One method of gamma-ray spectrum analysis em- 
ploys the cloud chamber operating in a magnetic field; 
the paths of the secondary particles are then made 
visible by the condensation of water droplets on the 
ions produced by the particle in its course. The tracks 
are recorded by photographing the cloud chamber at 
the instant of expansion. Electron-positron pairs are 
identified by oppositely curved tracks emanating from 
a common origin. Because of the direct visibility of 
phenomena, cloud chambers have proved to be in- 
valuable in the identification of types of reactions. The 
essential difficulty of the cloud-chamber method lies in 
the large number of pictures necessary to make the 
determinations statistically accurate. Not only is the 
obtaining of an adequate number of records an arduous 
and time-consuming undertaking, but the task of 
analyzing the photographic data is a forbidding one. 


Various methods are available for recording pair 
production. In all of them the sensitivity of the detector 
to the secondary particles is an important factor. 
Photographic methods suffer from uncertainties regard- 
ing the response characteristics of the emulsion to 
excitation by particles of different properties and 
energies. Ionization chambers are characterized by good 
efficiency but variable and uncertain sensitivity. The 
Geiger-Mueller counter is well adapted to the detection 
of the secondary particles because its counting efficiency 
can be made practically 100 percent at all energies. 
It is necessary, however, to so design the counter sys- 
tem that it will identify (a) the type of particle, (b) the 
origin of the particle, and (c) the type of reaction 
responsible for the particle. 
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SPECTRUM ANALYSIS BY A COUNTER METHOD 


The Research Laboratory has designed and con- 
structed a new type of gamma-ray spectrum analyzer 
in which the positive and negative electrons are de- 
tected and their paths identified by a series of Geiger 
counters suitably disposed about the inner periphery 
of a large vacuum chamber. The equipment is illus- 
trated schematically in Fic. 1. The x-ray beam passes 
first through a collimator and into the vacuum chamber 
where the electron-positron pairs are produced by the 
reaction between the beam and a target of absorbing 
material. The counters, about one hundred in all, are 
mounted inside an aluminum tank, approximately four 
feet square and one foot deep, supported between the 
poles of an electromagnet. They are arranged in two 
series, one on each side of the path of the direct beam. 
Thus, electrons are counted on one side and positrons 


X-RAY PRODUCING TARGET 
(IN mod bie ACCELERATOR) 


EVACUATED TANK 


REGION OF 
MAGNETIC FIELD 


oersteds for sweeping charged particles out of the beam 
The brass chamber containing the elements of th 
collimator is attached to the vacuum chamber of th 
analyzer by means of a sylphon bellows so that botl 
are evacuated by the same pumping system. 

The complete unit, including the collimator, weigh 
about eight tons and is made mobile by mounting ot 
trucks. In use, a beam of gamma rays from a choset 
source enters the arialyzer through the collimator anc 
strikes the radiating target, which is in the form of ; 
ribbon about four inches long and a few thousandth 
of an inch thick. The radiating target must be thin si 
that electrons and positrons produced in the foil wil 
not be scattered by the target itself and thus not b 
registered by the proper counter. Several target speci 
mens are mounted on a rack, which can be manipulate: 
from outside the tank so that the targets can readily b 


THIN X-RAY 
EXIT PORT 


THIN PAIR-FORMING TARGET 


Fig. 1. 


on the other. Within each series, the counters are 
properly spaced and connected in groups representing 
distinct and equal energy intervals. The calculation of 
the\pattern in which the counters are assembled was an 
important part of the design of the analyzer. The tank 
is evacuated to a pressure of 10-> mm of mercury to 
eliminate scattering by gas molecules. The photograph 
of Fic. 2 shows the tank with one side removed. 

The response of the counters is registered on a compli- 
cated electronic tabulating system which registers single 
electron and positron counts over the complete range of 
energies and also sorts out the pairs and tabulates them 
according to the total energy of the pair. A total of 
about three hundred vacuum tubes is used in the 
tabulating circuit. A pair is indicated by the simul- 
taneous reception of only one electron and only one 
positron. The probability of chance coincidences (the 
simultaneous registration of an electron and a positron 
that are not members of a pair) can be calculated from 
the data on single counts and can be kept to a suffi- 
ciently low value by the control of gamma-ray intensity. 

An important part of the apparatus is the “‘colli- 
mator”’ for the gamma-ray beam (see Fic. 1). The 
function of this device, which is not a collimator in the 
literal sense, is (a) to remove undesired radiation and 
(b) to provide a limited beam of the desired radiation. 
Essentially, it consists of a series of apertures in lead 
plates for the purpose of defining the gamma-ray beam 
and a permanent magnetic field of several thousand 
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X-RAY BEAM 


GEIGER COUNTERS 


Schematic diagram of spectrum analyzer 


interchanged. Spectral analysis is achieved by counting 
for a given exposure, the relative number of pair 
representative of each energy interval. 

The complexity of the equipment is necessitated by 
two factors: (1) the confusion resulting from chane 
coincidences, which must be eliminated from the fina 
results; (2) the need for discriminating between th 
various disturbing factors, such as inadequacies i1 
theory and spurious experimental effects. A grea 
advantage of this system is the large amount of dati 
that can be taken and analyzed in a relatively shor 
time. In intermittent working periods over a six-montl 
interval, a total of approximately 10’ pairs have bee! 
registered and analyzed. To obtain and process at 
equivalent amount of data by conventional cloud 
chamber methods would require about three hundre 
years of actual working time. 


EXPERIMENTAL PROCEDURE AND RESULTS 


This equipment is designed for two types of experi 
ments: (1) an experimental check of the theory of pai 
production through accurate determinations of, cros 
section; (2) measurements of spectral distribution 0 
gamma rays under a variety of conditions. 

(1) Measurement of Cross Sections. The first step it 
checking pair-production theory is the determinati 
of total cross sections from absorption measuremen 
Absorption measurements are important because t 
indicate the total loss of energy from all causes 


October, 19. 
‘* 


photoelectric effect, the Compton effect, and pair 
production. Since absorption theory must take account 
of all of these factors, the experimental determination 
of absorption coefficients constitutes an excellent 
over-all confirmation of theory. Measurements of 
gamma-ray absorption coefficients at approximately 
90-Mev gamma-ray energies have been made by com- 
paring the counts corresponding to the chosen energy, 
both with and without a block of absorbing material 
introduced in the beam. In making absorption measure- 


these three calculated values does not agree precisely 
with experimental values; the ratio of the experimental 
value to the theoretical value varies linearly with the 
square of the atomic number. This probably indicates 
the failure of the Born approximation in yielding the 
theoretical cross section for pair production. Even in 
light elements, however, where the Born approximation 
should be valid, there is a slight discrepancy between 
theory and experiment which may be because of the 
inadequacy of the Fermi-Thomas atom model. 


Fig. 2. 


ments, only the highest energy interval can be utilized, 
since this eliminates the disturbing influence on the 
absorption coefficient of secondary gamma rays of the 
same energy. If the highest energy interval is not used, 
the measurement includes not only the intensity re- 
moved from energy interval employed, but also the 
intensity contributed to it from higher-energy gamma 
rays that are scattered into the lower-energy range. 

These absorption measurements are complicated by 
two limitations: (a) the relatively few quanta in the 
Maximum energy range, and (b) the short duty cycle 
which demands high peak intensities in order to yield 
a reliable average counting rate. 

The present status of the correlation between theory 
and experiment may be summarized as follows. Accord- 
ing to present theory, the three principal contributions 
to the cross section are: pair production in the field of 
the nucleus, pair production in the field of atomic 
electrons, ®) and Compton scattering.“ The sum of 


__ ()Calculated by Bethe and Heitler using the’ Born approximation and 

the Fermi-Thomas model of the atom. ; 
ee casted by Wheeler and Lamb by the methods of Bethe and Heitler. 
3)Can be calculated accurately by the Klein-Nishina formula. 
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Interior of gamma-ray spectrum analyzer, showing Geiger-Mueller counters, 
electromagnet, and vacuum system 


From the total cross section one could determine the 
individual pair and Compton cross sections, if he could 
determine the absolute size of one of these quantities 
or the relative magnitude of one in terms of the other 
quantity. Neither of these determinations appears to 
be easy with the pair spectrometer; however, it is 
possible to measure the ratio of pair cross sections in 
different elements by using pair-forming targets of 
different elements having known weights. One can use 
this ratio with the total cross sections to determine 
essentially the ratio of Compton scattering to pairs, 
from which one can then obtain separately the absolute 
cross sections of Compton scattering and pair forma- 
tion. This is illustrated by the following example. 
One can write 


g=0,(1+a) (1) 


where @ is the total cross section, a» is the pair cross 
section, and a is the ratio of non-pair to pair cross 
section (theoretically Compton to pair cross section). 
For the sake of illustration we may write an equation 


(Concluded on next page) 


49 


Since 1880, we have 
served Industry by 
purchasing and shipping 
Scrap to consumer — 
mills and foundries. 

Fair dealing is 

our constant aim. 


CONSULT OUR NEAREST OFFICE FOR 
THE PURCHASE OR SALE OF SCRAP 


LURIA BROTHERS & COMPANY, Inc. 
Main Office igo Yords 


[ LEBANON, PA. ¢ READING, PA. 
LINCOLN-LIBERTY BLDG. 


DETROIT (ECORSE), MICH. 
PHILADELPHIA 7, PENNSYLVANIA MODENA, PA. @ PITTSBURGH, PA. 


Branch Offices 


CHICAGO, ILL. HOUSTON, TEXAS PITTSBURGH, PA. 


BIRMINGHAM, ALA, 


Empire Bldg. 100 W. Monroe St. Cotton Exchange Oliver Bldg. , 
BOSTON, MASS. CLEVELAND, O. LEBANON, PA. PUEBLO, COLO. 
Statler Bldg. 1022 Midland Bldg. Luria Bldg. Colorado Bldg. 


BUFFALO, N. Y. 
Genesee Bldg. 


DETROIT, MICH. 
2011 Book Bldg 


NEW YORK, N. Y. 
Woolworth Bldg. 


ST. LOUIS, MO. 
2110 Railwoy Exchange Bldg. 


LEADERS IN IRON AND STEEL SCRAP SINCE 1889 


READING, PA, 
luria Bldg. 


ASSOCIATED ELECTRICAL 
INDUSTRIES LIMITED 


British Thomson-Houston Co. Ltd. 
Edison-Swan Electric Co. Ltd. 
Ferguson, Pailin Limited 


Harcourts Limited 


Hotpoint Electric Appliance Co. Ltd. 


(Incorporating International Refrigerator Co. Ltd. 
and Premier Electric Heaters Ltd.) 


Metropolitan- Vickers 
Electrical Co. Ltd. 


Metropolitan-Vickers-G RS Ltd. 
® 


Agents and Licensees of the 


GENERAL ELECTRIC Co., U.S.A. 
for the United Kingdom. 


50 GENERAL ELECTRIC REVIEW 


GAMMA-RAY STUDIES 


(Continued from preceding pa 
for each of the two elements, beryllium and _ leé 
similar to Equation (1): 


oP oe (1ta*’) 
af gh? (1 +a") 


F bos 
At high energies a’? is low; for example, at 90 M 
a?” is theoretically 0.02. This figure can be assum 
in Equation (2) without much risk; if it is wrong it dc 


not greatly affect the result. One measures the ratio 
Be 


> : p : ; s 

pair cross sections, —p;, by using pair-forming targt 
p 

of Be and Pb having known weights and by counti 


the relative numbers of pairs of various energ 
actually produced. Since the total cross section can 
found by absorption, one can use Equation (2) 

determine essentially a” (theoretically about 0.3 
90 Mev). This experimental value of a’ may then 
used with the experimental value of o” from absot 
tion to obtain both o}* and the Compton scatteri 
coefficient. 

Using this procedure, an experimental value of « 
has been obtained that agrees with the theoretical val 
within an experimental error of approximately twen 
percent. This shows that the contributions of p. 
production and Compton scattering to the total cre 
section are approximately those predicted by theo 
and that no other process exists in this energy ran 
whose cross section is comparable to that of the 
processes. 

(2) Measurement of gamma-ray spectra. Having ¢ 
termined pair-production cross sections, one can ha 
confidence in converting pair spectra to gamma-r 
spectra. When this is done using the 100-Mev betatr 
as a source of gamma rays, the resulting gamma-r 
spectrum is in essential agreement with the comput 
gamma-ray spectrum based on the Bremsstrahlu 
process. 


ACKNOWLEDGMENT: The work described in this arti 
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Metals Tested by Ultrasonics 


A device which uses ultrasonics, or high- 
frequency sound waves, to discover and 
record small flaws in metals has been 
developed. Known as the Ultrasonics 
Materials Tester, the instrument shoots 
1,000,000-cycle-per-second sound waves 
through the metal to be tested, and simul- 
taneously plots a graph which indicates 
any flaws in the metal’s interior. 

Testing of metals with the new instru- 
ment is carried out by immersing the 
specimen in oil, since these sound waves 
will not travel through air. A small trans- 
mitter, wired to the main body of the 
instrument and also immersed in the oil, 
sends the sound through the oil and 
through the metal specimen. The sound 
wave continues in its original path until 
it reaches the receiver on the far side of the 
container, or until it is interrupted by any 
crack or fault in the metal. A dial on the 
instrument will indicate this flaw, while 
the line on the permanent graph will dip 
sharply. 

The transmitter is a small crystal which 
is made to vibrate and produce sound 
waves by an electric current. The receiver 
is a similar crystal, mounted opposite the 
transmitter and connected to a separate 
power supply. 


Diesel-electric Units for the 
Andes 


The Argentine State Railway has ac- 
cepted the final design drawings for 65 
double-unit diesel-electric locomotives. 
Featuring compact design with stream- 
lined appearance, the locomotives are 
being built in three types to cover unusual 
operating conditions found on Argentina’s 
railroads. 

Largest of the three types will be 23 
twin-unit, 2000-hp locomotives designed 


Doing It with Mirrors 


This instrument measures the light output of 
streetlights from all angies. The mirror, here 
reflecting the image of the engineer making a 
test, may be moved through a full circle around 
the light. At any point in the circie, light beams 
striking the mirror are reflected to an electric eye 
25 ft away, which measures the light coming 
from the luminaire at that particular angle. The 
object of the test is to make sure that the light 
from the unit goes where it is needed most 


for operation in the Andes, where tracks 
go up two-and-one-half-percent grades at 
15,000 ft above sea level. Each cab will 
contain a 1000-hp diesel engine, which 
will power 12 motor axles. 


For operation on the plains, especially 
in the vicinity of Buenos Aires, another 
twin-type unit will be built which will be 
identical with the first type but will have 
eight motor axles instead of twelve, with 
one idle axle in the center of each truck, 


The remaining thirty locomotives will 
each comprise two units nominally rated 


1000-hp each. These also will have eight 
motor axles but will differ from the other 
types in that they will be powered by two 
500-hp diesels in each cab. 


Having more horsepower per ton than 
any meter-gage units previously designed, 
these locomotives will enable the Argen- 
tine railroads to run heavier trains on 
faster schedules, thus adding to the 
capacity of the railways and giving better 
service to the country. The design is a 
direct result of a six-month study made in 
Argentina last year. 


Radar Now Helps Get Sardines 
To Market 


Radar, famed electronic wartime de- 
velopment to detect the enemy in spite of 
darkness, fog, or storm, will now help 
gather sardines for market from waters off 
the coast of Maine. An electronic navi- 
gator has been installed aboard a sardine 
carrier of a Maine canning company. 


The device will enable the carrier to 
find fish seines ia spite of weather condi- 
tions and thus speed up delivery of perish- 
able sardines to the company’s canneries. 
Overcoming the effects of fog and stormy 
weather, long the friend of the sardine, will 
not only increase the total catch but help 
assure more regular employment at the 
canneries. 


The radar set will not locate the fish 
themselves, but is expected to strengthen 
the link between the carrier and fishing 
grounds for greater production and effi- 
ciency. Additional units may be placed in 
operation within the near future. 


Similar to types now being used by a 
number of ocean-going and Great Lakes 
vessels, this application of the unit is be- 
lieved to be the first Atlantic Coast use of 
radar on fishing boats. 
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neW PRODUCTS: 


Template 


A circle template No. 40 for use in all 
fields of drafting and delineation for quickly 
and accurately making small size circles. A 
series of 39 circles are designated numeri- 
cally by 64ths and marked with correspond- 
ing common fractional dimensions. The tem- 
plate is made of 0.030 matte-finish mathe- 
matical-quality cellulose-nitrate sheet. All 
circle cut-outs are precision milled with 
allowance for pencil point to give the utmost 
in accuracy. Each circle is clearly marked 
and all have center guide lines. Printing is 
on negative side to prevent wearing off.— 
Rapidesign, Inc., P.O. Box 592, Glendale, 
Calif. 


Heat-transfer Unit 


A new heavy-duty heat-transfer unit, des- 
ignated as Model No. 5, for cooling the 
magnetron power tube in an induction- 
heated oven. The unit is also suitable for 
cooling the tubes and condensers in televi- 
sion transmitters, short-wave communica- 
tion equipment, radar sets, and for general 


laboratory use. The heat generated by the 
magnetron tube is dissipated at the rate of 
11,000 Btu’s per hour, by circulating a 
cooling medium through the tube. The 
absorbed heat is then discharged into the 
air by means of a radiator and fan. 

The unit will dissipate 3000 watts within 
a temperature rise of 40 F above ambient. 
It is equipped with a special reverse-flow 
radiator, 12-in. diam even-flow cooling fan, 
two-stage centrifugal pump, three-gallon 
reservoir, thermostat, flow switch, filter, and 
necessary fittings.—Eastern Industries Inc., 
296 Elm St., New Haven 6, Conn. 


Electrical Wire 


Neolay Type RU wire, 30 percent smaller 
in diameter than conventional building wire 
has a hard shell of nylon over the rubber in- 
sulation, giving the conductors better pro- 
tection. It takes up less room in conduit, 
permitting the use of more conductors. 
Under the nylon are two layers of insulation: 
natural rubber and neoprene synthetic 
rubber. The nylon is hot and liquid when 
applied over the rubber and, as it cools, it 
becomes extremely hard and smooth. 

The wire is claimed to be resistant to 
gasoline, oil, fire, moisture, acids, and light, 
and will be marketed in sizes 14, 12, 10, 8, 
and 6, for wiring homes, offices, factories, 
hotels, and other buildings.— United States 
Rubber Co., Rockefeller Center, New York. 
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Split Couplings 


The addition of three new split couplings 
increases a line to 12 sizes, ranging in con- 
duit size from the new 4 in. to 5 in. The 
coupling itself is of simple one-piece malle- 
able iron construction. By elimination of 
running thread it is necessary only to butt 
the conduit ends together within the split 


coupling and tighten down two nuts. Bolt 
heads are held in place by the coupling 
shoulder. There is no need to twist the 
conduit. Spring-steel lock washers prevent 
the nuts from loosening, and the threaded 
inside of the coupling meshes with the con- 
duit threads, giving a no-slip sure-grip 
permanent connection. As nuts are tight- 
ened, the smooth edges of the machined 
flanges fit snugly together, making a dust- 
tight joint.—O.Z. Electrical Manufacturing 
Co., 262 Bond St., Brooklyn 2, N. Y. 


Traffic Signals 


A new line of adjustable-type traffic sig- 
nals with an optical system completely re- 
designed to eliminate reflector. deficiencies 
and inaccuracies. The signal is available in 
models ranging from one-way, one-color to 
four or more ways with unlimited signal 
indications per signal face. It is interchange- 


able with other G-E signals manufactured 
in the past ten years and has the same ex- 
ternal appearance. 


The optical system uses a new sagged 
glass reflector which is supported in the 
housing and remains in the signal when the 
door is open. A positive dust-tight seal be- 
tween the reflector holder and the door is 
made by a crowned air-cored resilient ex- 
truded gasket. Lens protection is provided 
by the same gasket because it envelops the 
periphery of the lens.—General Electric Co., 
Lighting and Rectifier Divisions, Apparatus 
Dept., River Works, West Lynn, Mass. 
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AND WHAT THEIR MAKERS 
HAVE TO SAY ABOUT THEM 


Relay Test Plug 


a a 


A new test plug for drawout relays de 
signed to make testing of relays easier anc 
quicker than heretofore. The new plug i: 
made of sturdy plastic molding, and al 
terminals are mounted on the vertical fron’ 
of the plug. Each terminal is clearly markec 
on the front, eliminating the necessity o 
counting stud or relay connections. Stuc 
terminals are colored bright red; relay con 
nections are black. A complete set of hard 
ware, including shorting bars and clips fo: 
test leads, accompanies each  plug.— 
Switchgear Divisions, General Electric Com 
pany, Philadelphia, Pa. 


Pyrometer Controller 


A proportional current-input electroni 
pyrometer controller, Model IE486, pro 
portions current input to electrically heatec 
furnaces, ovens, plastic molding machines 
salt pots, and other similar equipment tc 
provide practically straight-line tempera: 
ture control. The instrument does this by 
time modulation of the input energy. The 
average energy supplied is proportional t« 
the deviation of the temperature from the 
control point throughout a band widtl 
which is adjustable from 0 to 2% percent o! 
full-scale reading.—The Bristol Co., Water. 
bury 91, Conn. 


Control Equipment 


A new addition to the Emdco line i: 
explosion-proof control equipment for use ir 
refineries, utilities, and other industries 
where safe dustproof and waterproof condi 


tions are of first importance. A typical in 
stallation is the assembly of five motor 
control groups, each providing complete 
control for four motors, as shown in the 
illustration. This assembly includes junctior 
boxes, sealing fittings, and combinatior 
housings. Assemblies are free-standing but 
they can be designed for wall mounting if 
so desired. This equipment is available with 
or without instrumentation.—Electro Me. 
pore Devices Co., 49 Selden, Detroit 1 
Mich. 
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YOU GET QUALITY PLUS ENGINEERING SERVICE WITH G-E PERMANENT MAGNETS 


The three G-E permanent magnets 
shown below produce an auto- 
matic braking effect in the new 
Bristol Electromatic Reel manu- 
factured by the Horton Manu- 
facturing Co., Bristol, Conn. 


The magnets that brake your reel 


Now it’s G-E permanent magnets for greater accuracy 
in casting. The permanent magnets shown above develop a 
non-friction braking action directly in proportion to the speed 
of the plug. Maximum braking is applied at the start of the 
cast and, as the spool is slowing down, the braking effect 
decreases automatically. 

G-E permanent magnets are continually finding wide 
application in many fields. The magnetic reel is but one ex- 
ample of the adaptation of an industrial magnet engineering 
principle to an entirely different field. 

Perhaps there’s a use for G-E permanent magnets in 
your product. Or, you may wish to improve your present mag- 
net design for greater efficiency. Our engineers will be glad 
to work with you to improve your product. For details and 
your free copy of CDM-1, G-E PERMANENT MAGNETS, 
write Metallurgy Division, SectionCR-10, Chemical Department, 
General Electric Company, Pittsfield, Mass. 
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Smooth casting action with the 
Bristol Electromatic Reel 


Three G-E Sintered Alnico magnets are 
mounted on a non-magnetic plate having 
adjustable air gap. A bi-metallic disc of 
copper and steel mounted on the end of the 
spool cuts the lines of force of the permanent 
magnets. The eddy currents induced set up 
electromagnetic poles which repel the perma- 
nent magnet poles producing a drag on the 
speed of the spool. Since the strength of the 
electromagnetic poles depends on the speed 
of rotation of the spool, this braking effect 
is automatically applied at all times in just 
the right amount. Outstanding advantages of 
this new reel are smooth casting action, 
greater accuracy, and freedom from backlash. 
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TRADE LITERATURE 


Arr FitteER—Development, operation, ad- 
vantages, voltage requirements, design 
features, specifications, characteristics, and 
installation data of a dry-type electronic air 
filter are given. Diagrams and photographs 
supplement the text. Bulletin No. 257. 
Twelve pages.—American Air Filter Co., 
Inc., Louisville 8, Kentucky. 


Car UNLOADER—The details of the mech- 
anism, power requirements, and operation 
are given, together with several photo- 
graphs of actual stages of operations during 
the process of unloading grain. Folder No. 
2294. Link-Belt Co., 307 N. Michigan Ave., 
Chicago 1, Ill. 


CoMPRESSOR—Information concerning the 
Pac-Air compressor, a self-contained air- 
cooled gasoline-engine-driven unit for use 
by building contractors and farmers, is 
pictorially and concisely presented in this 
folder. Form 145. Eight pages.—Jngersoll- 
Rand, Phillipsburg, New Jersey. 


LIGHTING EQUIPMENT—The Sky-Glo lumi- 
nous louvered lighting system is the subject 
of a comprehensive bulletin which contains 
numerous architectural drawings, layout 
diagrams, and installation photographs, as 
well as engineering charts and specification 
tables. The text provides complete informa- 
tion On composition, sizes and shapes, con- 
struction, and assembly. Bulletin SG. 
Twenty-eight pages—Benjamin Electric Mfg. 
Co., Des Plaines, Ill. 


9,000 hp Synchronous Motor, manufactured at C-G-E Peterborough Works, 
driving a centrifugal compressor at a large Canadian nickel mine. 


Iu Canada... 


ten factories manufacture 
General Electric products. 
engineering and sales offices 
and 19 warehouses are located 
from coast-to-coast to serve you. 


CANADIAN GENERAL ELECTRIC CO 


LIMITED 


Sydney + Holifox + Saint John + Quebec + Chicoutimi + Trois Rivieres + Sherbrooke + Montreal « Ottawa + Toronto 
Hamilton + St. Catharines + London + Windsor + Noranda + New Liskeard * Sudbury + Timmins + Fort William 
Winnipeg « Brandon « Regina + Saskatoon + Lethbridge + Edmonton + Calgary « Trail» Kelowna « Vancouver * Victoria 
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MiLtitivoLt MetEr—Described in this bul- 
letinis a d-c vacuum-tube millivolt meter for 
general measurements of d-c potentials in 
amplifiers and power supplies. The applica- 
tion, grid current measurements, contact po- 
tentials, measuring electronic current, and 
its operation are among the subjects included 
in the textual material. Bulletin IJ—105. 
Four pages.—Millivac Instruments, P.O. 
Box 3027, New Haven, Conn. 


PiLastics—Facilities for design, moldmak- 
ing, and molding are described, as well as 
such products as sealing caps and sleeves, 
mycalex, silicone rubber, high-frequency 
insulation, and high- and low-pressure lam- 
inates. Property tables are included. Bulle- 
tin No. CDP-578. Fifteen pages.—Chemical 
Dept., General Electric Co., Pittsfield, Mass. 


Resistors—Complete specifications and 
characteristics for Type MP high-frequency 
resistors are given in this technical data 
bulletin. Power ratings are from 44 to 90 
watts, and there are eight terminal types. 
Bulletin F-1. Four pages.—International 
Resistance Co., 401 N. Broad St., Phila- 
delphia 8, Pa. 


TEsTING MACHINE—An electronic machine, 
the Electromatic, for testing films, fiber, 
strip, paper, textile, yarn, rubber, leather, 
and fine wire is described and many of the 
essential components are illustrated. Bulle- 
tin 37. Four pages.—Tinius Olsen Testing 
Machine Co., Easton Road, Willow Grove, Pa. 


WeELDERS—The general construction and 
operating mechanism of motor-driven press 
welders are presented in this bulletin. 
Mechanical and electrical specifications are 
listed. Bulletin 3-123. Seven pages.—The 
Taylor-Winfield Corp., Warren, Ohio. 


WELDING ALUMINUM ALLOys—The phases 
of spot welding of aluminum alloys covered 
inthis technical bulletin include surface prep- 
aration, equipment, techniques, testing of 
spot welds, as well as sections on other 
aspects of the subject. The material is well 
organized and neatly assembled, and is 
printed on coated stock. There are many 
diagrams and photographs, specification 
charts and data tables. An extensive bib- 
liography appears at the end. Bulletin 
titled ‘Spot Welding Aluminum Alloys.” 
Thirty-six pages—P. R. Mallory & Co. Inc., 
Indianapolis, Ind. 


X-rAY—Beginning with the first great dis- 
covery of Roentgen, this booklet tells how 
x-rays are produced and traces their de- 
velopment to the present profound achieve- 
ments including the two-million-volt 
Coolidge tube and 100,000,000-volt beta- 
tron. Touching on such topics as x-ray in 
medicine, industry, and new vistas, the 
booklet is appropriately titled ‘‘The Story 
of X-ray.”’ Thirty-six pages.—General Elec- 
tric X-Ray Corp., 4855 West Mc Geoch Ave., 
Milwaukee 14, Wis. 
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MOTORS & CONTROL 


DISTRIBUTION 


KEEP AHEAD with the REVIEW 


ELECTRONICS 


MEASUREMENTS 
DIELECTRICS 
WELDING 
TRANSFORMERS 
METALLURGY 


are a few of the many subjects which are covered 
during the year, including their new applications 


and developments. Each article is written by an 


authority on that subject. 
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Reading the REVIEW regularly every month 
is a reliable, yet easy way for you to keep ahead. 

Be sure you have your own copies for study 
and future reference. 


SEND YOUR SUBSCRIPTION TODAY! 
$5.50 for 2 years, or $3.50 for 1 year 


Canadian Postage 25¢ additional 
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(Available books may be purchased through the GENERAL ELECTRIC REVIEW for domestic delivery; 
none sent on approval.) : 


INTRODUCTION TO THE DIFFERENTIAL 
EQUATIONS OF PuHysIcs 

L. Hopf; translated by Walter Nef—Dover 
Publications, Inc., New York. 1948. 160 
pp. $1.95. 

This translation of Professor Hopf’s 
little book on differential equations is a 
very welcome contribution to American 
engineering education. In only one hundred 
fifty-two 414- by 614-in. pages he explains 
the fundamental equations of physics and 
applies them to a variety of problems rang- 
ing from the oscillations of a string and the 
flow of heat in a rectangular body to the 
propagation of waves and the motion of the 
planets. 

It is recognized more and more that all 
kinds of engineering problems are solved by 
the application of a very few basic equations 
of physics. For this reason many teachers 
are giving new thought to presenting the 
theory of differential equations in the way 
best suited for engineering use rather than 
for mathematicians only. 

In presenting this volume, the author 
brings to us some of the European teaching 
experience that has helped in the formation 
of so many distinguished physicists and 
scientifically trained engineers who now 
play a prominent part in American technical 


progress. 
P. L. ALGER 


THE GENIUS OF INDUSTRIAL RESEARCH 
D. H. Killeffer—Reinhold Publishing Corp., 
New York. 1948. 273 pp. $4.50. 

The best method of doing industrial re- 
search is often a mystery even to the man 
doing the work. This book attempts to 
teach good and productive ways of perform- 
ing research from the point of view of the 
individual worker. To do so the author 
makes generous use of direct quotation, 
of men responsible for several successful 
researches, on how the particular researches 
were performed. While the examples are 
drawn mainly from the field of industrial 
chemistry, the methods they teach are 
applicable to all fields. 

The author debunks the idea of ‘‘flash of 
enius’’ or accidental solving of problems in 
avor of the more productive method in- 

volving good work and thought. Two 
general methods may be used in research. 
One involves random searching, or the 
“Edisonian” approach, and the other a 
theoretical approach in which a theory is 
first evolved and then laboratory work is 
performed to prove the theory. Ordinarily, 
a combination of the two approaches is used. 

The book is logically organized and very 
readable. The quotations—such as Irving 
Langmuir telling of the discovery of gas- 
filled lamp bulbs, Thomas Midgley on 
Freon refrigerants and ethyl gasoline, and 
George Oenslager on rubber-vulcanization 
accelerators—make the book highly inter- 
esting to a variety of readers in many fields. 

J. R. ELLiIottT 


TELEVIsion—How It Works 

Seymour D. Uslan and others—John F. 
Rider Publisher, Inc., New York. 1948. 
203 pp. $2.70. 

Here, in clear language easily understood 
by the serviceman, the radio amateur, and 
those acquainted with broadcast radio, the 
principles of the television receiver are ex- 

_ plained. General aspects of the complete 
television system are also presented. The 
_ section on antennas would be very helpful 
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in selecting the type of and the location for 
the receiving antenna. 

The theory of the circuits found in most 
television receivers is presented in great 
detail. The material covers such circuits as 
the RF inputs, the ratio detector, the sound 
and video IF traps, the d-c restorer, the 
synchronizing circuits, and the associated 
picture-tube circuits. At the same time, the 
circuits used by the different manufacturers 
for the same function are considered. Gen- 
eral alignment and servicing procedures are 
given, and the method of analyzing faults 
from the appearance of the picture-tube 
screen is also depicted. 

“Television—How It Works” is an inter- 
esting nonmathematical exposition. It pro- 
vides excellent background for the service- 
man and the experimenter. 

ALLEN E. SMOLL 


CENTRIFUGAL AND AXIAL FLOW PuMes 

A. J. Stepanoff—John Wiley and Sons, 
Inc., New York. 1948. 488 pp. $7.50. 

Dr. Stepanoff’s book should be welcomed 
by plant and machinery designers and 
students interested in pumps. The first 
five chapters cover the theory and back- 
ground necessary to understand the pres- 


entation of pump design and test data in _ 


the following seven. The background 
material is brief, however, and some addi- 
tional knowledge is needed for easy reading 
of the book. The last six chapters treat 
operating conditions and special problems. 

The book has the following noteworthy 
features: The same methods and treatment 
of impeller design and layout are used for 
centrifugal, mixed-flow, and _ axial-flow 
pumps. A single diagram represents the 
performance data, the velocity triangles, 
and the design constants of centrifugal 
pumps for any impeller discharge angle. 
Curves are presented of the performance of 
centrifugal pumps operating beyond their 
normal ranges; these include negative 
heads, speeds, and flows. A good treatment 
of cavitation is included. Data are presented 
on the pumping of viscous fluids and the 
effect of stuffing boxes on shaft critical 
speed. The bibliographies at the end of the 
chapters total 195 items. Many good cross 
sections of pump designs and. installations 
are shown. : 

To this reviewer, at least, it will be a 
comfort to refer to this English text instead 
of having to struggle with Die Kreisel- 
pumpen and a limited knowledge of Ger- 
man, as has been his custom. 

B. O. BuCKLAND 


IMPROVING SUPERVISION 

Frank Cushman and Robert W. Cushman— 
John Wiley & Sons, Inc., New York. 1947. 
232 pp. $2.50. 

Written for all supervisors but devoting 
most attention to factory supervision, this 
book presents a clear picture of the ramifi- 
cations of a supervisor’s job. Treating in 
some detail the responsibilities of the super- 
visor both to his men and to his superiors, 
many causes of friction and misplaced effort 
are pointed out. 

While the book is informative and in- 
structive in itself, it would lend itself 
particularly well to group discussions or 
classroom work, where the problems pre- 
sented could be taken up in more detail as 
they specifically applied to a particular 
operation or industry. 

J. P. KELLER 
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to Discard. 
D;FASHIONED WAYS 


Jacks . . props .. shores . . 
horses . . why fool with these 
obsolete methods of handling 
reels? DO IT THE MODERN, 
af EFFICIENT WAY! Reel or 

unreel wire, cable, rope with 


i¢ ROLL-A-REEL 
Lom 


Simple, strong, eas- 
ily handled stand 


for your reels to 


save time and labor. 


p Adjustable slots for 


variety of reel sizes, 


2,000 Ibs. cap. 37.50 


4,000 Ibs. cap. 75.00 
f.o.b. Cincinnati 


WRITE FOR DETAILS TODAY 


ROLL-A-REEL 


27 WEST FOURTH STREET 
NCINNATI 2, OHIO 


Ambient 
AIR TEMPERATURE PROBE 


Provides Greater Accuracy 
With Simpler Calculations 


At velocities above 300 MPH, the Giannini 
Temperature Probe simplifies data reduc- 
tion by measuring total air temperature. 
All the velocity energy is converted to 
temperature. No need to correct for 


partial adiabatic rise. Simplified calcu- 


lations, less flight-time, and greater 
accuracy are the major factors contrib- 
uted by this Giannini instrument for 
flight-test purposes. 


Write for engineering details. 
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FIGTANNINA sco me 
WES. 


REACTION POWER PLANTS « AUTOMATIC FLIGHT EQUIPMENT 
205 WEST COLORADO STREET © PASADENA 1, CALIFORWIA 


Dil 


WAS SELECTED BY MINNESOTA 
MINING & MANUFACTURING CO. 


The Minnesota Mining and Manufacturing Company is using a General 
Electric Photoelectric Recorder in preliminary studies of new machine 
designs. Here, it is being used for recording oil pressure in evaluating 
the application of an automatic, variable-speed, hydraulic drive to proc- 
ess equipment. As a result of this study, several changes were made on 
the oil drive which enhanced its performance and life expectancy in the 
particular application. 

The Minnesota Mining and Manufacturing 
Co., is just one of the many users who have 
found the G-E Photoelectric Recorder useful 
in solving their problems. It is also used for 
thermocouple response tests, resistance ther- 
mometry, and general physiological research. 
In fact, its extreme sensitivity and high-speed 
response make it ideally suited to many other 
applications embracing the entire field of 
measurements. It can RECORD ANY- 
THING THAT CAN BE MEASURED by 
an indicating instrument. 


G-E High-speed 
Photoelectric Recorder 
A wide range of sensitivities (which go as low as 1.0 microamperes 
for full-scale deflection) and response speeds (as high as } second) are 
available in the photoelectric recorder. Basic elements are interchange- 
able so that one instrument can cover a number of ranges. It is also 
available as a potentiometer recorder. Write for Bulletin GEA-2394, or 
contact your nearest G-E Sales Office and let us help you with your 
application problems. Apparatus Dept., General Electric Company, 
Schenectady 5, N. Y. 
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LIBRARY NOTES 


ON ARTICLES IN OTHER TECHNICAL JOURNALS 


ACETYLENE 

THE ACETYLENE CYLINDER—INDUSTRY’S 

UNIQUE CONTAINER, by Charles Ness. 

Weld. Jour., June 1948; v. 27, pp. 445-449. 
Its construction, performance, testing, 
and safety. 


ELECTRIC DRIVE 


VARIABLE-SPEED CONTROLS HIGHLIGHT OF 
MAcHINE Too. Forum. 
Elec. Mfg., June 1948; v. 41, pp. 92-97, 
192, 194, 196. 
Increasing interest shown in variable- 
voltage d-c drives, with various types of 
power supplies, and in automatic cycle 
controls at 12th Westinghouse Machine 
Tool Electrification Forum. 


ELECTRIC WELDING MACHINES 


MULTIPLE WELDING PROCEDURES, by E. O. 

Courtemanche. 

Steel, June 14, 1948; v. 122, pp. 93-95. 
Latest-type welders enable all guns to 
contact work simultaneously, assuring 
alignment and resulting in considerable 
time-saving. 


ELECTRONICS 


H1GuH VOLTAGES IN ELECTRONICS, by Walter 

E. Peery. 

Mach. Design, June 1948; v. 20, pp. 123-127. 
Formulas and charts furnish data on 
correct spacing between conductors for 
prevention of sparking and corona effects. 


MACHINE TOOLS 

We Must BE SurRE OF OUR MACHINE * 

Too_s FOR NATIONAL SECURITY. 

Factory Man. & Mazint., June 1948; v. 106, 

pp. 66-72. 5 
An analysis of our supply of machine 
tools, particularly in its relation to indus- 
trial mobilization. 


' MEASURING INSTRUMENTS— 


FLUID FLOW 


IMPROVED SCHLIEREN APPARATUS, by Frank 
W. Barry and Gilbert M. Edelman. 
Jour. Aero. Sci., June 1948; v. 15, pp. 364- 
365. 
An optical instrument that is used in the 
study of supersonic flow phenomena. 


NEUTRONS 


NEUTRON POLARIZATION, by D. J. Hughes 
and others. 
Phys. Rev., June 1, 1948; v. 73, pp. 1277- 
1290. 
The production of polarized neutrons in 
magnetized iron has been studied with 
the use of the intense neutron beams 
available at the Argonne heavy-water 
pile. 


PILOT PLANTS 

SYNTHETIC-RUBBER PiLor PLANT, by J. V. 

Hightower. 

Chem. Engng., June 1948; v. 55, pp. 100-102. 
Describes a pilot plant, designed in 1942, 
which has been making low-temperature 
rubber, following methods suggested or 
developed in this country and Germany. 


SUPERSONIC SPEEDS 
INSTRUMENTATION CONQUERS THE SONIC 
BARRIER, by M. F. Behar. 

Instruments, June 1948; v. 21, pp. 505-509. 
An explanation of the aerodynamic phe- 
nomena encountered at supersonic speeds, 
and of their testing and measurement. 
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